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PREFACE. 

pVERfince  the  days  of  the  Lord  Chan- 
cellor   Bacon,    natural  philofophy 
bath  been  more  and  more  cultivated  in  Eng^ 
land.     Th  a  t  great  genius  firji  fet  out  with 
taking  a  general  furvey  of  all  the  natural 
Jciencesj  dividing  them  into  dijiinSl  branches^ 
which  he  enumerated  with  great  exaSlnefs. 
He  inquired  fcrupuloujly  into  the  degree  of 
knowledge  already  attained  to  in  each,  and 
.drew  up  a  lifi  of  what  Jlill  remained  to  be 
difcovered :  this  was  the  fcope  of  his  fir  ft  un- 
dertaking.     Afterward  he  carried  bis  views 
much  farther^  and  Jhewed  the  necejjity  of  an 
experimental  philofophy ,  a  thing  never  before 
thought  of     As,  he  was  a  profejfed  enemy  to 
JyfiemSy  he  confidered  philofophy  no  otherwife 
than  as  that  part  of  knowledge  which  con^ 
tributes  to  make  men  better  and  happier  :  he 
feems  to  limit  it  to  the  knowledge  of  things 
ufefulj  recommending  above  all  the  fiudy  erf 
nature^  and  fhewing  that  no  progrefs  can  te 
made  therein^    but  by  colleSling  fa^Sy   and 
A  4  com- 
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comparing   experiments^    of  which  he  points 
cut  a  great  number  proper  to  be  made^ 

But  notwithjianding  the  true  path  tofcience 
was  thus  exaSily  marked  outy  the  old  notions 
of  the  fchoch  fo  jlrongly  pojfejfed  people  s  minds 
at  that  time^  as  not  to  be  eradicated  by  any 
new  opinions y  how  rationally  foever  advanced y 
until  the  illi/Jlrious  Mr.  Boyle,  the  Jirji 
who  purfued  Lord  BaconV  plan^  began 
to  put  experiments  in  praSiice  with  an  affi- 
duity  equal  to  his  great  talents.  Nexty  the 
Royal  Society  being  efiablijhedy  the  true 
philofophy  began  to  be  the  reigning  tajie  of  the 
agCy  and  continues  fo  to  this  day. 

The  immortal  Sir  Isaac  Newton  in^ 

fjledy  even  in  his  earl-f  years  ^  that  it  was  high 

time  to  banijlo  vague  covj enures  and  hypothefes 

from  natural  philofophy y  and  to  bring  that 

fcience  under  an  entire  fubjeSlion  to  experi- 

ments  and  geometry.     He  frequently  called  it 

the  experimental  philofophy,  fo  as  to  ex- 

P^^fe  fg^ifi^^^^h  ^^^  diference  between  it  and 

the  numberlefs  fyjiems  which  hadarifen  merely 

out  of  the  conceits  of  inventive  brains :  the 

one  fubjijling  no  longer  than  the  fpirit  of  no^ 

veliy 


PREFACE. 

luelty  lafts  ;  the  other  never  failing  wbile  the 
nature  of  things  remain  unchanged. 

^he  method  of  teaching  and  laying  the 
foundation  of  phyjics^  by  public  courfes  ofex^ 
periments^  ivas  firji  undertaken  in  this  king^ 
dom^  I  believe^  by  Dr.  John  Ke ill,  and 
f  nee  improved  and  enlarged  by  Mr.  Hauks- 
BEE,  Dr.  Desaguliers,  Mr.  Whiston, 
ikfr. Cotes,  Mr.  Whiteside,  Dr.  Brad- 
ley, our  late  Regius  and  Savilian  Profeffor 
of  AJlronomyy  and  Dr.  Bliss  his  fuccejfor^ 
fJorhas  the  fame  been  negle£led  by  Dr,.]  ames^ 
and  Dr.  David  Gregory,  aS/V  Robert 
Stew  AKT  .andafter  him  Mr. M  ACL,  hVKm. 

t Dr.  Helsham  in  Ireland^  Mcjfieurs 

Gravesande  and  Muschenbroek,  and 
the  Abbe  Nollet  in  France^  have  alfo  ac- 
quired jufi  applaufe  thereby. 

The  fubjlance  of  my  own  attempt  in  this 

way  of  injlrumental  inftruBion^  the  following 

Jheets  {exclufve  of  the  ajlronomical  part)  will 

Jljew :    the  fatisfaSiion  they   have  generally 

given  J  read  as  leSlures  to  different  audiences^ 

affords  me  fome  hope  that  they  may  be  fa^ 

vourably  received  in  the  fame  form  by  the 

public. 

*  I  ought 
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I  ought  to  obferviy  that  though  the  lafifive 
leSlures  cannot  be  properly  faid  to  concern  cm-^ 
perimental  philofophy^  I  confidered^  however^ 
that  they  were  not  of  fo  different  a  clafs^  but 
that  they  mighty  without  much  impropriety^ 
he  fubjoined  to  the  preceding  ones. 

My  apparatus  (part  of  which  is  defcribed 
bercy  and  the  reji  in  a  *  former  work)  is 
rather  Jimple  than  magnificent  ^  which  is 
owing  to  a  particular  point  I  had  in  view 
at  frjl  fetting  out^  namely ^  to  avoid  all  fu^ 
perjluityy  and  to  render  every  thing  as  plain 
and  intelligible  as  I  thought  thefubjeB  would 
4idmit  of 
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SELECT    SUBJECTS- 

^  L  E  C  T.    I. 
tf  Matter  md  its  Properties.  • 

AS  the  defign  of  the  firft  part  of  this  couric 
is  to  explain  and  demonftrate  thofe  laws 
by  which  the  material  univerfe  is  governed,  re- 
guiated,  and  continued  ^  and  by  which  the  va- 
rious appearances  in  nature  are  accounted  for ; 
it  is  requilite  to  begin  with  explaining  the  pro- 
perties of  mauer. 

By  the  word  matter  is  here  meant  every  thing  Matter, 
that  has  length,  breadth,  and  thicknefs,  and  re-  what. 
fifts  the  touch. 

The  inherent  properties  of  matter  are  folidity,  its  pro- 
inactivity,  mobihcy,  and  divifibility.  pcrticf. 

The  folidity  of  matter  arifcs  from  its  having  Solidity. 
length,  breadth,  thicknefs ;  and  hence  it  is  that 
all  bodies  are  comprehended  under  feme  (hape 
or  other,  and  that  each  particular  body  hinders     " 
all  others  from  occupying  the  fame  part  of  fpace 
which  it  poflelles.     Thus,  if  a  piece  of  wood 
or  metal  be  fqueezed  ever  fo  hard  between  two 
plates^   they  cannot  be  brought  into  contaft. 
And  even  water  or  air  has  this  property;  for  if 
a  fmall  qugnpty  of  it  be  fixed  between  any  other 

bodies, 


2,  Of  the  Properties  of  Matter. 

bodies,  they  cannot  be  brought  to  touch  oritf 
another. 
Inaaivity.  A  fecond  property  of  matter  is  ina£fivity^  or 
paffivenefs\  by  which  it  always  endeavours  to 
continue  in  the  ftate  that  it  is  in,  whether  of  reft 
or  motion.  And  therefore,  if  one  body  contains 
twice  or  thrice  as  much  matter  as  another  body 
does,  it  will  have  twice  6r  thrice  as  much  inac- 
tivity ;  that  is,  it  will  require  twice  or  thrice  as 
much  force  to  give  it  an  equal  degree  of  motion, 
or  to  ftop  it  after  it  hath  been  put  into  fuch  a 
motion. 

That  matter  can  never  put  itfelf*  into  motion  is 
allowed  by  all  men.  For  they  'fee  that  a  ftone, 
lying  on  the  plane  .furface  of  the  earth,  never 
removes  itfelf  from  that  place,  nor  does  any  one 
imagine  it  ever  .can.  But  moft  people  are  apt 
to  believe  that  all  matter  has  a  propenlity  to 
fall  from  a  ftate  of  motion  into  a  ftate  of  reft  j 
becaufe  they  fee  that  if  a  ftone  or  a  cannon-ball 
be  put  into  ever  fo  violent  a  motion,  it  foon  ftops; 
not  confidering  that  this  ftoppage  is  caufed, 
I.  By  the  gravity  or  weight  of  the  body,  which 
finks  it  to  the  ground  in  fpitc  of  the  impulfe ; 
and,  2.  By  the  refiftance  of  the  air  through  which 
it  moves,  and  by  which  its  velocity  is  retarded 
every  moment  till  it  falls. 

A  bowl  moves  but  a  fliort  way  upon  a  bowl- 
ing-green; becaufe  the  roughnefs  and  uneven- 
nels  of  the  graflfy  furface  foon  creates  friftion 
enough  to  ftop  it.  But  if  the  green  were  per- 
fectly level,  and  covered  with  polifhed  glafs,  and 
the  bowl  were  perfeftly  bard,  round,  and  fnjiQoth, 
it  would  go  a  great  way  farther  j  as  it  would 
have  nothing  but  the  air  to  refift  it ;  if  then  the 
air  were  taken  away,  the  bowl  would  go  on 
without  any  fridion,  and  confequently  without 

9  ^'^y 
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any  diminution  of  the  velocity  it  had  at  fetting 
cut :  and  therefore,  if  the  green  were  extended 
quite  around  the  earthy  the  bowl  would  go  on,  ' 
round  and  round  the  earth>  for  ever. 

If  the  bowl  were  carried  feveral  miles  aboVc 
the  earth,  and  diere  projefted  in  a  horizontal 
dire£tionj  with  fuch  a  velocity  as  would  make 
it  move  more  than  a  femidiameter  of  the  earth, 
in  the  time  it  would  take  to  fall  to  the  earth  by 
gravity  \  in  that  cafe,  and  if  there  were  no  re- 
lifting  medium  in  the  way,  the  bowl  would  not 
fall  to  the  earth  at  all ;  but  would  continue  to 
circulate  round  it,  keeping  always  in  the  fame 
traft,  and  returning  to  the  fame  point  from 
which  it  was  projeftedj  with  the  fame  velocity  as 
at  firft.  In  this  manner  the  moon  goes  round 
the  earth,  although  fhe  be  as  unaftive  and  dead 
as  any  ftone  upon  it. 

The  third  property  of  matter  is  mobility  i  for  Mobilityi 
we  find  that  all  matter  is  capable  of  being  moved, 
if  a  fufficient  degree  of  force  be  applied  to  over- 
come its  inactivity  or  rcfiHiancc. 

The  fourth  property  of  matter  is  cUvifihUity ^  Divlfibi- 
of  which  there  can  be  no  end.     For,  fince  mac-  lity« 
ter  can  never  be  annihilated  by  cutting  or  break- 
ing, we  can  never  imagine  it  to  be  cut  into  fuch 
fmall  particles,  but  that  if  one  of  them  be  laid 
on  a  table,  the  Uj^permoft  fiJc  of  it  will  be  fur- ' 
ther  from  the  table  than  the   undermoil  fide. 
Moreover,  it  would  be  abfurd  to  lay  tiiLit  the 
greateft   mountain  on  earth   has  more    halves, 
quarters,  or  tenth  parts,  than  the  fmalleft  particle 
of  matter  has. 

We  have  many  furprifing  inilanccs  of  the 
fmallnefs  to  which  matter  can  be  divided  by 
art:  of  which  the  two  following  are  very  re- 
markable. 

B  I.  If 
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1.  If  a  pound  of  filver  be  melted  with  a  fmgle 
grain  of  gold,  the  gold  will  be  equally  diflfuled 
through  the  whole  filver  j  fo  that  taking  one 
grain  from  any  part  of  the  mafs  (in  which  there 
can  be  no  more  than  the  5760th  part  of  a  grain 
of  gold)  and  diflblving  it  in  aqua  fortisy  the 
gold  will  fall  to  the  bottom. 

a.  The  gold  beaters  can  extend  a  grain  of  gold 
into  a  leaf  containing  50  fquare  inches  5  and  this 
leaf  may  be  divided  into  500000  vifible  parts.' 
For  an  inch  in  length  can  be  divided  into  100 
parts,  evfcry  pne  of  which  will  be  vifible  to  the 
bare  eye:  confequently  a  fquare  inch  can  be 
divided  into  loooo  parts,  and  50  fquare  inches 
into  500000.  And  if  one  of  thefe  parts  be 
viewed  with  a  microfcopc  that  magnifies  the 
diameter  of  an  objeft  only  10  times,  it  will 
magnify  the  area  100  times  j  and  then  the  looth 
part  of  a  500000th  part  of  a  grain  (chat  is,  the 
50  millionth  part)  will  be  vifible.  Such  leaves 
are  commonly  ufed  in  gilding;  and  they  are  fo 
very  thin,  that  if  1 24500  of  them  were  laid  upon 
one  another,  and  prcfled  together,  they  would 
not  exceed  one  inch  in  thicknefs. 

Yet  all  this  is  nothing  in  comparifbn  of  the 
lengths  that  nature  goes  in  the  divifion  of  mat- 
ter. For  Mr.  Leewenhoek  tells  us,  that  there  are 
more  animals  in  the  milt  of  a  (ingle  cod-fi(h, 
than  there  are  men  upon  the  whole  earth :  and 
that,  by  comparing  thefe  animals  in  a  micro- 
fcope  with  grains  of  common  fand,  it  appeared 
that  one  fingle  grain  is  bigger  than  four  millions 
of  them.  Now  each  animal  mufl:  have  a  heart, 
arteries,  veins,  mufcles,  and  nerves,  otherwife 
they  could  neither  live  nor  move.  How  incon- 
ceivably fmall  then  mufl:  the  particles  of  their 
blood  be,  to  circulate  through  die  fmalleft:  rami- 
fications 
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fications  and  joinings  of  their  arteries  and  veins  ? 
It  has  been  found  by  calculation,  that  a  particle 
of  their  blood  muft  be  as  much  fmaller  than  a 
globe  of  the  tenth  part  of  an  inch  in  diameter,  as 
that  globe  is  fmaller  than  the  whole  earth  i  and 
yet,  if  thcfe  particles  be  compared  with  the  par- 
ticles of  light,  they  will  be  found  to  exceed 
them  as  much  in  bulk  as  mountains  do  fingle 
grains  of  fand.  For,  the  force  of  any  body 
ftriking  againft  an  obftacle  is  directly  in  pro- 
portion to  its  quantity  of  matter  multiplied  into 
its  velocity  j  and  lince  the  velocity  of  the  par- 
ticles of  light  is  demonftrated  to  be  at  lead  a 
million  times  greater  than  the  velocity  of  a  can- 
non-ball, it  is  plain,  that  if  a  million  of  thefe 
particles  were  as  big  as  a  fingle  grain  of  fand, 
we  durft  no  more  open  our  eyes  to  the  light, 
than  we  durft  expofe  them  to  fand  ihot  points 
blank  from  a  cannon. 

That  matter  is  infinitely  divifible  in  a  mathe-  Plate  t. 
matical  fenfe,  is  eafy  to  be  demonftrated.     For,  Fig*  «• 
let  AB  be  the  length  of  a  particle  to  be  divided; 
and  let  it  be  touched  at  oppofite  ends  by  the 
parallel  lines  CD  and  EFy  which,  fuppofe  to  be 
infinitely  extended  beyond  D  and  F.     Set  off  The  infi- 
the  equal  divifions  BG,  GH,  HI,  &c.  on  the  "^^^J.^'^^- 
line  E  F,  toward  the  right  hand  from  B ;  and  ^^^1%  ° 
take  a  point,  as  at  /?,  any  where  toward  the  lefi:  proved, 
hand  from  j4y  in  the  line  CD :  Then,  from  this 
point,  draw  the  right  lines  RGy  RH,  RI,  &c. 
each  of  which  will  cut  off  a  part  from  the  par- 
ticle AB.     But  after  any  finite  number  of  fuch 
lines  are  drawn,  there  will  ftill  remain  a  part,  as 
APy  at  the  top  of  the  particle,  which  can  never 
be  cut  off:  becaufe  the  lines  D  R  and  E  F  being 
parallel,   no  line  can  ever  be  drawn  from  the 
point  R  to  any  point  of  the  line  E  F  that  will 
B  2  coincide 
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coincide  with  the  line  R  D.    Therefore  the  psif-^ 
tide  AB  cont^ns  niore  than  any  finite  number 
of  parts. 
Attrac-        A  fifth  property  of  matter  is  attraifion,  which 
tion.        ieems  rather  to  be  infufed  than  inherent.    Of 
this  there  arc  four  kinds,  viz,  fobejian,  gravida-' 
tiorty  magnettfmy  and  eleShicity. 
Cohefion.     The  attraSliim  of  cohifion  is  that  by  which  the 
fmall  parts  of  matter  are  made  to  (tick  and  co« 
here  together.  Of  this  we  have  ieveral  inftances, 
fome  ot  which  follow. 

I.  If  a  fmall  glafs  tube>  open  at  both  ends,  be 
dipt  in  water,  the  water  will  rife  up  in  the  tube 
to  a  confiderable  height  above  its  level  in  the 
bafon :  which  mud  be  owing  to  the  attraction 
of  a  ring  of  particles  of  the  glafs  all  round  iii 
the  tube,  immediately  above  thofe  to  which  the 
water  at  any  inftant  rifes.  And  when  it  has  rifen 
fo  high,  that  the  weight  of  the  column  balances 
the  attraction  of  the  tube,  it  rifes  no  higher. 
This  can  be  no  ways  owing  to  the  preflure  of  the 
air  upon  the  water  in  the  bafon  j  for,  as  the  tube 
is  open  at  top,  it  is  fiiU  of  air  above  the  water, 
which  will  prcfs  as  much  upon  the  water  in  the 
tube  as  the  neighbouring  air  does  upon  any 
column  of  an  equal  diameter  in  the  balbn.  Bc- 
fides,  if  the  fame  experiment  be  made  in  an  ex-  . 
haufted  receiver  of  the  air  pump,  there  will  he 
found  no  difierence. 

a.  A  piece  of  loaf-digar  will  draw  up  a  fluid, 
and  a  fpunge  will  draw  in  water:  and  on  the 
fame  principle  fap  afcends  in  trees. 

3.  If  two  drops  of  quickfilver  be  placed  near 
each  other,  they  will  run  together  and  become 
one  large  drop. 

4.  If  two  pieces  of  lead  be  fcraped  clean,  and 
preffed  together  with  a  twift,  they  will  attraft 

each 
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eacli  other  fb  ftrongly,  as  to  require  a  force 
much  greater  than  their  own  weight  to  feparate 
thera.  And  thi&.cannot  be  owing  to  the  preffurc 
of  the  air,  for  the  fame  thing  will  hold  in  an  ex- 
haufted  rcceivcn 

5"  -  If  iwo  poliihed  plates  of  marble  or  brafi 
be  put  together,  with  a  little  oil  between  thenri 
to  fill  up  the  pores  in  their  furfaces,  and  prevent 
the  lodgement  of  any  air;  they  will  cohere  {o 
ftrpngly,  even  if  fufpended  in  an  exhaufted  re- 
ceiver, that  the  weight  of  the  lower  plate  will 
not  be  able  to  feparate  it  from  the  upper  one.  In 
putting  thefe  plates  together,  the  one  fhould  be 
rubbed  upon  the  other,  as  a  joiner  does  twp 
pieces  of  wood  when  be  glues  them. 

6.  If  two  pieces  of  cork,  equal  in  weight,  be 
put  near  each  other  in  a  bafon  of  water,  they  will 
'^ove  equally  faft  toward  each  other  with  an  ac- 
celerated motion,  until  they  meet :  and  then,  if 
cither  of  them  be  moved,  it  will  draw  the  other 
after  it.  If  two  corks  of  unequal  weights  be 
placed  near  each  other,  they  will  approach  with 
accelerated  velocities  inverfely  proportionate  to 
their  weights:  that  is,  the  lighter  cork  will  move 
^  nnuch  fatter  than  the  heavier,  as  the  heavier 
^ceeds  the  lighter  in  weight.  This  fliews  that 
^  attraftion  of  each  cork  is  in  direft  propor- 
^oti  to  its  weight  or  quantity  of  matter, 

This  kind  of  attradion  reaches  but  to  a  very 
fmall  diftance ;  for,  if  two  drops  of  quickfilver 
"^  tolled  in  duft,  they  will  not  run  together,  be- 
caufc  the  particles  of  duft  keep  them  out  of  the 
^J^^re  of  each  other's  attraftion. 

^^here  the  fphere  of  attraction  ends,  a  repuU  Rcpal- 
Jij^e  Jhrce  begins  j  thus,  water  repels  moft  bodies  ^^^* 
^  they  are  wet  j  and  hence  it  is,  that  a  fmall 
B  3  needle. 
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needle,  if  dry,  fwims  upon  water;  and  flies  walk 
upon  it  without  wetting  their  feet. 

The  repelling  force  of  the  particles  of  a  fluid 
is  but  fmall ;  and  therefore,  if  a  fluid  be  divided, 
it  eafily  unites  again.  But  if  glafs,  or  any  other 
hard  fubflnnce,  be  broke  into  fmall  parts,  they 
cannot  be  made  to  ftick  together  again  without 
being  firft  wetted :  the  repulfion  being  too  great 
to  admit  of  a  re-union. 

The  repelling  force  between  water  and  oil  is 
fo  great,  that  we  find  it  almoft  impofliible  to  mix 
them  fo,  as  not  to  feparate  again.  If  a  ball  of 
light  wood  be  dipt  in  oil,  and  then  put  into  wa- 
ter, the  water  will  recede  fo  as  to  form  a  channel 
of  fomc  depth  all  around  the  ball. 

The  repulfive  force  of  the  particles  of  air  is  fo 
great,  that  they  can  never  be  brought  fo  near  to- 
jgether  by  condenfation  as  to  make  them  ftick  or 
cohere.  Hence  it  is,  that  when  the  weight  of 
the  incumbent  atmofphere  is  taken  off  from  any 
fmall  quantity  of  air,  that  quantity  will  difi\ife  it- 
felf  (b  as  to  occupy  (in  comparifon)  an  infinitely 
greater  portion  of  fpace  than  it  did  before. 
Gravita-  Attra£lion  of  gravitation  is  that  power  by 
cion.  which  diftapt  bodies  tend  toward  one  another. 
Of  this  we  have  daily  inftances  in  the  falling 
of  bodies  to  the  earth,  By  this  power  in  the 
earth  it  is,  that  bodies,  op  whatever  fide,  fall  in 
lines  perpendicular  to  it§  furfacci  and  confe- 
quently,  on  oppofite  fides,  they  fall  in  oppofice 
direftions;  all  toward  the  center,  where  the 
force  of  gravity  is  as  it  were  accumulated :  and 
by  this  power  it  is,  that  bodies  on  the  earth^s 
furface  are  kept  to  it  on  all  fides,  fo  that  they 
cannot  fall  from  it.  And  as  it  a£ts  upon  all  bo<* 
dies  in  proportion  to  their  refpeftive  quantities 
gf  matter,  without  any  regard  to  dieir  bulks  or 

figures. 


Of  the  Proper  ties  of  Matter. 

figures,  it  accordingly  conftitutcs  their  weight. 
Hence, 

If  two  bodies  which  contain  equal  quantities 
of  matter,  were  placed  at  ever  fo  great  a  diftancc 
fix)m  one  another,  and  then  left  at  liberty  in  free 
ipace ;  if  there  were  no  other  bodies  in  the  uni- 
verfc  to  afFedt  them,  they  would  fall  equally  fwift 
toward  one  another  by  the  power  of  gravity, 
with  velocities  accelerated  as  they  approached 
each  other;  and  would  meet  in  a  point  which 
was  half-way  between  them  at  firft.  Or,  if  two 
bodies,  containing  unequal  quantities  of  matter, 
were  placed  at  any  diftance,  and  left  in  the  fame 
manna*  at  liberty,  they  would  fall  toward  one 
another  with  velocities  which  would  be  in  aa 
inverfe  proportion  to  their  relpedtive  quantities 
of  matter;'  and  moving  fafter  and  fafter  in  their 
mutual  approach,  would  at  laft  meet  in  a  point 
as  much  nearer  to  the  place  from  which  the 
heavier  body  began  to  fall,  than  to  the  place 
from  which  the  lighter  body  began  to  fall,  as 
the  quantity  of  matter  in  the  former  exceeded 
that  in  the  latter. 

All  bodies  that  we  know  of  have  gravity  or 
weight.  For,  that  there  is  no  fuch  thing  as  po- 
fitive  levity,  even  in  fmoke,  vapours,  and  fumes, 
is  demonftrablc  by  experiments  on  the  air- 
pump;  which  {hews,  that  although  the  fmoke 
of  a  candle  afccnds  to  the  top  of  a  tall  receiver 
when  full  of  air,  yet,  upon  the  air's  being  ex- 
haufted  out  of  the  receiver,  the  fmoke  falls  down 
to  the  bottom  of  it.  So,  if  a  piece  of  wood  be 
immerfed  in  ajar  of  water,  the  wood  will  rife  to 
the  top  of  the  water,  becaufe  it  has  a  lefs  degree 
of  weight  than  its  bulk  of  water  has :  but  it  the 
jar  be  emptied  of  water,  the  wood  falls  to  the 
bottom. 

B  4  As 
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Gravity    *    As  every  particle  of  matter  has  its  proper 
demon-    gravity,  the  efFeft  of  the  whole  muft  be  in  pro- 
bc*as^ihe  P°^^^^^  ^^  ^^^  number  of  the  alttrafting  partides; 
qaantity  that  is,  as  the  quantity  of  matter  in  the  whol6 
of  mailer  body.     This  is  demonftrable  by  experiment  ort 
in  bodies,  pendulums ;    for,  if  they  are  of  equal  lengths^ 
whatever  their  weights  be,  they  vibrate  in  equ4 
times.     Now  it  is  plain,  that  if  one  be  double  ot 
triple  the  weight  of  another,  it  muft  require  a 
double  or  triple  power  of  gravity  to  make  iC 
move  with  the  fame  celerity:  juft  as  it  woul4 
require  a  double  or  triple  fbrce  to  projeft  a  bul- 
let of  twenty  or  thirty  poijnds  weight,  with  the 
fame  degree  of  fwittnefs  that  a  bullet  "of  tea 
pounds  would  "require.     Hence  it  is   evident, 
tha^t  the  power  or  force  of  gravity  is  always  pro- 
portional to  the  quantity  of  matter  in  bodies, 
whatever  their  bulks  or  figures  are. 
It  de*  Gravity  alfo,  like  all  other  virtues  or  emana- 

creafes  as  tions  which  proceed  or  iflue  from  a  center,  de- 
thefquare  creafes  as  the  diftartce  mukiplied  by  itfejif  in-. 
diftance    ^''^^^^^  •  ^^^^  i^>  ^  ^ody  at  twice  the  diftance  of 
wcrwfes.  another,  attrads  with  only  a  fourth  part  of  th^ 
force;  at  thrice  the  diftance,  with  a  ninth  part j 
at  four  times  the  diftance,  with  a  fixteenth  part; 
and  fo  on.     This  too  is  confirmed  by  comparing 
the  diftance  which  the  moon  fails  in  a  minute, 
from  a  right  line  touching  her  orbit,  with  the 
diftance  through  which  heavy  bodies  hear  the 
earth  fall  in  that  time.     And  alfo  by  comparing 
the  forces  which  retain  Jupiter's  moons  in  their 
orbits,  with  their  refpeftive  diftances  from  Ju^ 
piter.     Thefe  forces  will  be  explained  in  the  next 
Jedture. 

*  The  velocity  which  bodies  near  the  earth  ac- 
quire in  defcending  freely  by  the  force  of  gravity, 
Js  proportion^  to  the  times  pf  their  defcent, 
J    .     ^  .      ,    .   .  for, 
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For,  as  the  power  of  gravity  does  not  conOft  in 
a  fingle  impulfe,  but  is  always  operating  in  a 
conftant  and  uniform  manner,  it  muft  produce 
equal  effedts  in  equal  times  j  and  confequently 
in  a  double  or  triple  time,  a  double  or  triple  ct- 
feft.  And  fo,  by  a6ling  uniformly  on  the  body, 
muft  accelerate  its  motion  proportionably  to  the 
time  of  its  dcfcent. 

To  be  a  little  more  particular  on  this  fubjed^ 
let  us  fuppofe  that  a  body  begins  to  move  with 
z  celerity  conftanriy  and  gradually  increafing,  iii 
fuch  a  manner,  as  would  carry  it  through  a  mihj 
in  a  minute ;  at  the  end  of  this  fpace  it  will  have 
acquired  fuch  a  degree  of  celerity,  as  is  fufficient 
to  carry  it  two  miles  the  next  minute,  though  it 
Ihould  then  receive  no  new  impulfe^from  the 
caufe  by  which  it?  motion  had  been  ac(;elerated ; 
but  if  the  fame  accelerating  caufe  continues,  i(: 
will  carry  the  body  a  mile  farther;  on  which 
account,  it  will  have  run  through  four  miles  at 
the  end  of  two  minutes  j  and  then  it  will  have 
acquired  fuch  a  degree  of  celerity,  as  is  fufficien^ 
to  carry  it  through  a  double  fpace  in  as  much 
more  time,  or  eight  miles  in  two  minutes,  even 
though  the  accelerating  force  Ihould  aft  upon  it 
no  more.  But*this  force  ftill  continuing  to  ope- 
I'ate  in  an  uniform  manner,  will  again,  in  an 
equal  time,  produce  an  equal  efreft ;  and  (b,  by 
carrying  it  a  mile  further,  caufe  it  to  move 
through  five  miles  the  third  minute;  for,  the 
celerity  already  acquired,  and  the  celerity  ftill 
acquiring,  willhave  each  its  complete  efFeft, 
Hence  we  learn,  that  if  the  body  (hould  move 
one  mile  the  firft  minute,  it  would  move  three 
miles  the  fecond,  five  the  third,  feven  the  fourth, 
bine  the  fifth,  arid  fo  on  in  proportion, 

•   An4       . 
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And  thus  it  appears^  that  the  fpaces  dercribed 
in  fucccflivc  equal  parts  of  time,  by  an  uniformly 
accelerated  motion,  are  always  as  the  odd  num- 
t>crs  I,  3,  5>  7>  9>  &c.  and  confcquendy,  the 
whole  fpaces  arc  as  the  fquares  of  the  times,  or  of 
^rf  the  laft  acquired  velocities.  For,  the  continued 
addition  oi  the  odd  numbers  yields  the  fquares 
of  all  numbers  from  unity  upward.  Thus,  i  is 
die  firft  odd  number,  and  the  fquare  of  i  is  i ; 
3  is  the  fecond  odd  number,  and  this  added  to 
I  makes  4,  the  fquare  of  2 1  5  is  the  third  odd 
number,  which  added  to  4  makes  9,  the  fquare 
of  3  5  and  fo  on  for  ever.  Since,  dierefore,  the 
times  and  velocities  proceed  evenly  and  con- 
fiandy  as  i,  2,  3,  4,  &c.  but  the  fpaces  defcribed 
in  each  equal  times  are  as  i,  3,  5,  7,  &c.  it  is 
evident  that  the  (pace  defcribed 

In  I  minute  will  be infquare  of  i 

In  a  minutes 1+3=  4=fquareof  2 

In  3  minutes   -   1  +  3  +  5=  9=fquare  of  3 
In  4  minutes  i+3+5+7=i6=fquare  of  4,  &c* 

N.  B.   The  charadler  +  fignifies  more^  and  =; 
equal. 

The  dc       As  heavy  bodies  are  uniformly  accelerated  by 

fccnding  the  power  of  gravity  in  their  defcent,  it  is  plain 

velocity    jj^^j.  ^j^^y  ^yj^  be  uniformly  retarded   by  the 

a  ^powcr  ^^"^^  power  in  their  afccnt.     Therefore,  the  ve- 

of  equal  locity  which  a  body  acquires  by  falling,  is  fuf- 

afccnt.     ficient  to  carry  it  up  again  to  the  fame  height 

from  whence  it  fell :  allowance  being  made  for 

the  refiftance  of  the  air,    or  other  medium  in 

fig.  2.     which  the  body  is  moved.     Thus,  the  body  D 

in    rolling  down  the  inclined   plane  A  B  will 

acquire  fuch  a  velocity  by  the  time  it  arrives  at 

B^  as 
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By  as  will  carry  it  up  the  inclined  plane  B  C,  al- 
moft  to  C;  and  would  carry  it  quite  up  to  C,  if 
the  body  and  plane  were  perfcclly  frnooth,  and 
the  air  gave  no  refiftancc.— -So,  if  a  pendulum 
were  put  into  motion,  in  a  fpace  quite  free  of 
air^  and  all  other  refiflance,  and  had  no  fridtion  ^> 
on  the  point  of  fufpenfion,  it  would  move  for 
ever :  for  the  velocity  it  had  acquired  in  falling 
through  the  defcending  part  of  the  arc,  would 
be  ftill  fufiicient  to  carry  it  equally  high  in  the 
afcending  part  thereof. 

The  center  of  gravity  is  that  point  of  a  body  The  ccn* 
in  which  the  whole  forcfeoOits^gravity  or -height  terofgra* 
is  united.     Thereforer^  whatever  fupports  thatff"*^V» 
point,  bears  the  weight  of  the  whole  body :  and 
while  it  is  fupported,  the  body  cannot  fall  j  be- 
caufe  all  its  parts  are  in  a  perfed  equilibrium 
about  that  point. 

An  imaginary  line  drawn  from  the  center  of 
gravity  of  any  body  toward  the  center  of  the 
earth,  is  called  the  line  of  direSlion.     In  this  line  and  line 
all  heavy  bodies  defcend,  if  not  obftrufted.  of  dircc* 

Since  the  whole  weight  of  a  body  is  united  in  ^*°'** 
its  center  of  gravity,  as  that  center  afcends  or 
defcends,  we  muft  look  upon  the  whole  body  to 
do  fo  too.  But  as  it  is  contrary  to  the  nature  of 
heavy  bodies  to  afcend  of  their  own  accord,  or 
not  to  defcend  when  they  are  permitted ;  we 
may  be  fure  that,  unlefs  the  center  of  gravity 
^  be  fupported,  the  whole  body  will  tumble  or 
fall.  Hence  it  is,  that  bodies  ftand  upon  their 
bafes  when  the  line  of  direftion  falls  within  the 
bafe ;  for  in  this  cafe  the  body  cannot  be  made 
to  fall,  without  firft  raifing  the  center  of  gravity 
higher  than  it  was  before.  Thus,  the  inclining 
body  ABCDj  whofe  center  of  gravity  is  ^  Fig.  t. 
ftands  firmly  on  its  bafe  CD  IK,  bccaufe  the  line 

ot 
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of  direftion  EFfaWs  within  the  bafc.  But  if  a 
weight,  2&  ABGH^  be  laid  upon  the  top  of  the 
body,  the  center  of  gravity  of  the  whole  body 
and  weight  together  is  raifed  up  to  /j  and  then, 
3$  the  line  of  direftion  /  D  falls  without  the 
bale  at  D,  the  center  of  gravity  /  is  not  fup- 
ported ;  and  the  whole  body  and  weight  tumble 
down  together. 

Hence  appears  the  abfurdity  of  people's  riling 
haftiiy  in  a  coach  or  boat  when  it  is  likely  to . 
overfet :  for,  by  that  means  they  raife  the  cen- 
ter of  gravity  io  far  as  to  endanger  throwing  it 
quite  out  of  the  bafe  $  and  if  they  do,  they 
overfet  the  vehicle  efFedually.  Whereas,  had 
they  clapt  down  to  the  bottom,  they  woul4 
)iave  brought  the  line  of  direftion,  and  confe- 
qucntly  the  center  of  gravity,  farther  within  the 
bafe,  and  by  that  means  might  have  faved  them- 
ielves. 

The  broader  the  bafe  is,  and  the  nearer  the 
line  of  direftion  is  to  the  middle  or  center  of  it, 
the  more  firmly  does  the  body  ftand.  On  the 
contrary,  the  narrower  the  bafe,  and  the  nearer 
the  line  of  direftion  is  to  the  fide  of  it,  the  more 
eafily  may  the  body  be  overthrown,  a  lefs  change 
of  pofition  being  fufficient  to  remove  the  line 
of  direftion  out  of  the  bafe  in  the  latter  cafe 
than  in -the  former.  And  hence  it  is,  that  z, 
iphere  is  fb  eafily  rolled  upon  a  horizontal  plane ; 
and  that  it  is  fo  difficult,  if  not  impoffible,  to 
make  things  which  are  fliarp-pointed  t©  ftand 
upright  on  the  point. — From  what  hath  been 
faid,  it  plainly  appears,  that  if  the  plane  be  in- 
clined on  which  the  heavy  body  is  placed,  the 
body  will  fiide  down  upon  the  plane  while  the 
Jine  of  direction  falls  within  the  bafe  ;  but  it  will 
tumble  or  roll  down  when  that  line  falls  without 

the 
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die  bafe.    Thus,   the  body  A  will  onlj^  Hide  Pig.  4» 
down  the  inclined  plane  CD^  while  the  body  B 
rolls  down  upon  it. 

When  the  line  of  direftion  falls  within  the 
bafe  of  our  feet,  we  ftand  %  and  moft  firnnly  when 
it  is  in  the  middle :  but  when  it  is  out  of  that 
bafe,  we  immediately  fall.  And  it  is  not  only 
pkafing,  bt^t  even  furprifing,  to  refleft  upon  the 
rarious  and  unthou^t-of  methods  and  poftures 
which  we  ufe  to  retain  this  pofition,  or  to  reco- 
ver it  when  it  is  loft.  For  this  puipofe  we  bend 
our  body  forward  when  we  rife  from  a  chair,  or 
when  we  go  up  ftairs :  and  for  this  purpoie  a 
man  leans  forward  when  he  carries  a  burden  on 
his  back,  and  backward  when  he  carries  it  on 
his  breaft;  and  to  the  right  or  left  fide  as  he  car« 
ries  it  on  the  oppofite  fide.  A  thouland  more 
inftances  might  be  added. 

The  quantity  of  matter  in  all*  bodies  is  in  cx- 
a6t  proportion  to  their  weights,  bulk  for  bulk. 
Therefore,  heavy  bodies  are  as  much  more  denfe 
or  compaft  than  light  bodies  of  the  fame  bulk, 
as  they  exceed  them  in  weight. 

All  bodies  are  full  of  pores,  or  Ipaces  void  of  All  bo- 
matter  :  and  in  gold,  which  is  the  hcavicft  of  ^"  P^ 
all  known  bodies,  there  is  perhaps  a  greater 
quantity  of  fpace  than  of  matter.  For  the  parti* 
cles  of  heat  and  magnetifm  find  an  eafy  paflfage 
through  the  pores  of  gold ;  and  even  water  itfelf 
has  been  forced  through  them.  Befides,  if  we 
confider  how  eafily  the  rays  of  light  pafs  through 
io  folid  a  body  as  glafs,  in  all  manner  of  direc- 
tions, we  fhall  find  reafon  to  believe  that  bodies 
are  much  more  porous  than  is  generally  ima- 
gined. 

All  bodies  are  fome  way  or  other  affefted  by  The  ex* 
^ti  aad  aU  metallk  bodies  are  expanded  inpanfionof 

length,  ^«^*- 
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length,  breadth,  and  thickncfs  thereby.— -The 
proportion  of  the  cxpanfion  of  fcveral  metals, 
according  to  the  bed  experiments  I  have  been 
able  to  make  with  my  pyrometer,  is  nearly  thus: 
Iron  and  fteel,  as  3,  copper  4  and  a  half,  brafs  5, 
tin  6,  lead  7,  An  iron  rod  3  feet  long  is  about 
one  70th  part  of  an  inch  longer  in  fummer  than 
in  winter, 
Thepy-  The  pyrometer  here  mentioned  being  (for 
lomctcr.  aught  I  know)  of  a  new  conftruftion,  a  de- 
fcription  of  it  may  perhaps  be  agreeable  to  the 
reader. 
Fig.  5*  A  A  is  a  flat  piece  of  mahogany,  in  which  are 
fixed  four  brafs  duds  By  CyD,Li  and  two  pins, 
one  at  F  and  the  other  at  H.  On  the  pin  F 
turns  the  crooked  index  E  /,  and  upon  the  pin 
H  the  ftraight  index  GKj  againft  which  a  piece 
of  watch-lpring  R  bears  gendy,  and  fo  prcflcs 
it  toward  the  beginning  of  the  fcale  MNy  over 
which  the  point  of  that  index  moves.  This 
fcale  is  divided  into  inches  and  tenth  parts  of  an 
inch:  the  firft  inch  is  marked  1000,  the  fecond 
2000,  and  fo  on.  A  bar  of  metal  O  is  laid  into 
notches  in  the  top  of  the  ftuds  C  and  D  5  one 
end  of  the  bar  bearing  againft  the  adjufting 
fcrew  P,  and  the  other  end  againft  the  crooked 
index  £  /,  at  a  20th  part  of  its  length  from  its 
centre  of  motion  F.— Now  it  is  plain,  that  how- 
ever much  the  bar  O  lengthens,  it  will  move 
that  part  of  the  index  E  /,  againft  which  it  bears, 
juft  as  far :  but  the  crooked  end  of  the  fame 
index,  near  //,  being  10  times  as  far  from  the 
center  of  motion  is  as  the  point  is  againft 
which  the  bar  bears,  it  will  move  ao  times  as 
far  as  the  bar  lengthens.  And  as  this  crooked 
end  bears  againft  the  index  GK  zx.  only  a  20th 
part  of  the  whole  length  G  S  from  its  center  of 

motion 
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motion  Hy  the  point  S  will  move  through  id 
times  the  (pace  that  the  point  of  bearing  near  H 
does.  Hence,  as  10  multiplied  by  20  produces 
400,  it  is  evident  that  if  the  bar  lengthens  but  a 
400th  part  of  an  inch,  the  point  S  will  move  a 
whole  inch  on  the  fcale ;  and  as  every  inch  is 
divided  into  10  equal  parts,  if  the  bar  lengthens 
but  the  loth  part  of  the  400th  part  of  an  inch, 
which  is  only  the  4000th  part  of  an  inch,  the 
point  S  will  move  the  tenth  part  of  an  inch, 
which  is  very  perceptible. 

To  find  how  much  a  bar  lengthen^  by  hea^ 
firft  lay  it  cold  into  the  notches  of  the  Ituds,  and 
turn  die  adjufting  fcrew  P  until  the  fpring  R 
brings  the  point  S  of  the  index  GK  to  the  be- 
ginning of  the  divifions  of  the  fcale  at  M:  then, 
without  altering  the  fcrew  any  farther,  take  off 
the  bar,  and  rub  it  with  a  dry  woollen  cloth  till 
it  feels  warm ;  and  then,  laying  it  on  where  it 
was,  obferve  how  far  it  pufties  the  point  S  upon 
the  fcale  by  means  of  the  crooked  index  E  I; 
and  the  point  S  will  fhew  exaftly  how  much  the 
bar  has  lengthened  by  the  heat  of  rubbing.  As 
the  bar  cools,  the  fpring  R  bearing  againft  the 
index  Jf  G,  will  caufe  its  point  S  to  move  gra- 
dually back  toward  M  in  the  fcale :  and  ^en 
the  bar  is  quite  cold,  the  index  will  reft  at  M, 
where  it  was  before  the  bar  was  made  warm  by 
rubbing.  The  indexes  have  fmall  rollers  under 
them  at  /  and  K ;  which,  by  turning  round  on 
the  fmooth  wood  as  the  indexes  move,  make 
their  motions  the  eaficr,  by  taking  off  a  great 
part  of  the  friftion,  which  would  otherwife  be 
on  the  pins  F  and  /7,  and  of  the  points  of  the 
indexes^themfelves  on  the  wood. 

Befide  the  univerfal   properties  above  men- Magnet- 
tioned,  there  are  bodies  which  have  properties  ifia. 
6  peculiar 


g%  Of  the  Properties  of  Matter. 

pccuKar  to  themfclves :  fuch  as  the  loadftone,  irt 
which  the  moft  remarkable  are  thefe:  i.  It  at- 
trafts  iron  and  fteel  only.  2.  It  conftantly  turna 
one  of  its  fides  to  the  north  and  another  to  the 
fbuthj  when  fufperldcd  by  a  thread  that  does  not 
twift.  3.  It  comniunicates  all  its  properties  to 
a  piece  of  fteel  when  rubbed  upon  it,  without 
k^g  any  itfelf. 

According  to  Dr.  UelJbanC^  experiments,  the 
attrafbion  otjthe  loadftone  decreafes  as  the  fquare 
of  the  diftance  increafes.  Thus,  if  a  loadftonef 
be  fufpended  at  one  end  of  a  balance,  and  coun^ 
terpoifed  by  weights  at  the  other  end,  and  a 
flat  piece  of  iron  be  placed  beneath  it,  at  the 
diftance  of  four  tenths  of  an  inch,  the  ftone  will 
immediately  defcend  and  adhere  to  the  iron. 
But  if  the  ftone  be  again  removed  to  the  fame 
diftance,  and  as  many  grains  be  put  into  the 
fcale  at  the  other  end  as  will  exaftly  counterba- 
lance the  attraftion,  then,  if  the  iron  be  brought 
twice  as  near  the  ftone  as  before,  that  is,  only 
two  tenth  parts  of  an  inch  from  it,  there  muft  be 
four  times  as  many  grains  put  into  the  fcale  as 
before,  in  order  to  be  a  juft  counterbalance  to 
the  attraflive  force,  or  to  hinder  the  ftone  from 
defcending  and  adhering  to  the  iron*  So,  if  four 
grains  will  do  in  the  former  cafe,  there  muft  be 
fixteen  in  the  latter.  But  from  fome  later  ex- 
periments, made  with  the  greateft  accuracy,  it 
as  found  that  the  force  of  magnetifm  decreafea 
in  a  ratio  between  the  reciprocal  of  the  fquare 
and  the  reciprocal  of  the  cube  of  the  diftance  ;• 
approaching  to  the  one  or  the  other,  as  the  mag^ 
nitudes  of  the  attracting  bodies  are  varied. 
Ele&i*  Several  bodies,  particularly  amber,  glafs,  jet, 
<^y»  fealing-wax,  agate,  and  almoft  all  precious 
ftoncs,  have  a  peculiar  property  of  attrafting 
J  and 
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and  repelling  light  bodies  when  heated  by  rub- 
bing. This  is  called  eleiirical  attracfion^  in 
which  the  chief  things  to  be  obfeVved  are,  i.  If 
a  gla(s  tube  about  an  inch  and  a  half  diameter, 
and  two  or  three  feet  long,  be  heated  by  rub- 
bing, it  will  alternately  attraft  and  repel  all  light 
bodies  when  held  near  them.  2.  It  does  not 
attraft  by  being  heated  without  rubbing. 
3.  Any  light  body,  being  once  repelled  by  the 
tube,  will  never  be  attracted  again  till  it  has 
touched  fome  other  body.  4.  If  the  tube  be 
rubbed  by  a  moift  hand,  or  any  thing  that  is 
wet,  it  totally  deftroys  the  cleftricity.  5.  Any 
body,  except  air,  being  interpofed,  ftops  the 
deftricity.  6.  The  tube  attracts  ftrongcr  when 
nibbed  over  with  bees-wax,  and  then  with  a  dry 
woollen-cloth.  7.  When  it  is  well  rubbed,  if 
a  finger  be  brought  near  it,  at  about  the  diftance 
of  half  an  mch,  the  effluvia  will  fnap  againft  the 
(inger,  and  make  a  little  crackling  noife;  and 
if  this  be  performed  in  a  dark  placpj  there  will 
appear  a  httle  flafli  of  light. 

L  E  C  T.     II. 

Of  central  Forces. 

WE  have  already  mentioned  it  as  a  nccef- All  bodies 
fary  confequence  arifing  from  the  dead-  f^^.^^jly 
ncfs  or   inaftivity  of   matter,    that  all  bodies  ^JJ^^^^^^" 
endeavour  to  continue  in  the  (late  they  are  in,  modon  or 
whcdier  of  reft  or  motion.     If  the  body  A  were  rcih 
placed  in  any  part  of  free  fpace,  and  nothing  P|^^e  H* 
either  drew  or  impelled  it  any  way,  it  would  for  ^^^'  *' 
ever  remain   in  that  part  of  fpace,  becaufe  it 
could  have  no  tendency  of  Itfelf  to  remove  any 
way  from  thence.    If  it' receives  a  fingle  im- 
C  pulfc 
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pulfe  any  way,  as  fuppofe  from  A  toward  5,  it 
will  go  on  in  that  direftion ;  for,  of  itfelf,  it 
could  never  fwerve  from  a  right  line,  nor  flop 
its  courfe.— When  it  has  gone  through  the  fpacc 
A  By  and  met  with  no  refiftance,  its  velocity 
will  be  the  fame  at  B  as  it  was  ac  A\  and  this 
velocity,  in  as  much  more  time,  will  carry  it 
through  as  much  more  fpace,  from  B  to  C;  and 
fo  on  for  ever.  Therefore,  when  we  fee  a  body 
in  motion,  we  conclude  that  fome  other  fub- 
ftance  mull  have  given  it  that  motion  j  and 
when  we  fee  a  body  fall  from  motion  to  reft,  we 
conclude  that  fome  other  body  or  caufe  ftopt  it. 
All  mo-  As  all  motion  is  naturally  rediiineal,  it  ap- 
tion  na-  pears,  that  a  bullet  projefted  by  the  hand,  or. 
^""^l^  fhot  from  a  cannon,  would  for  ever  continue  to 
ncal/'  niove  in  the  fame  direftion  it  received  at  firft,  if 
no  other  power  diverted  its  courfe.  Therefore 
when  we  fee  a  body  move  in  a  curve  of  any  kind 
whatever,  we  conclude  it  muft  be  afted  upon  by 
two  powers  at  leaft  j  one  putting  it  in  motion, 
and  another  drawing  it  off  from  the  reftilineal 
courfe  it  would  otherwife  have  continued  to 
move  in :  and  whenever  that  power,  which  bent 
the  motion  of  the  body  fioni  a  ftiaight  line  into 
a  curve,  ccafijs  to  aft,  the  body  will  again  move 
on  in  a  flraif^ht  line  touching  chat  point  of  the 
C'Mve  in  which  it  was  when  the  aftion  of  that 
j'ov/cr  ceafed.  For  example,  a  pebble  moved 
round  in  a  fling  ever  fo  long  a  time,  will  fly  oflT 
the  moment  it  ib  fet  at  liberty,  by  flipping  one 
end  of  the  fling  cord :  and  will  go  on  in  a  line 
touching  the  circle  it  defcribcd  before  :  which 
line  would  aduaily  be  a  fl:raight  one,  if  the 
earth's  attraftion  did  not  affeft  the  pebble,  and 
bring  it  down  to  the  ground.  This  ftiews  that 
the  natural  tendency  of  the  pebble,  when  put 
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Ihto  motion,  is  to  continue  moving  in  a  ftraight 
line,  although  by  the  force  that  moves  the  fling 
it  be  made  to  revolve  in  a  circle. 

The  change  of  motion  produced  is  in  propor-  The  cf. 
tion  to  the  force  imprefled :  for  the  effcdb  ^^^o^'.?^"! 
natural  caufes  are  always  proportionate  to  the  fojccsl**^ 
force  or  power  of  thofe  caufes. 

By  thefe  laws  it  is  eafy  to  prove  that  a  body 
will  defcribe  the  diagonal  of  a  fquare  or  pa- 
raUelogram,  by  two  forces  conjoined,  in  the 
fame  time  that  it  would  defcribe  either  of  the 
fides,  by  one  force  fmgly.  Thus,  fuppofe  the 
body  J  to  reprefent  a  ftiip  at  fea ;  and  that  it  h  Fig,  z. 
driven  by  the  wind,  in  the  right  line  A  By  with 
filch  a  force  as  would  carry  it  uniformly  from  A 
to  fi  in  a  minute :  then  fuppofe  a  ftream  or  cur- 
rent of  water  running  in  the  direftion  A  D,  with 
fuch  a  force  as  would  carry  the  fhip  through  an 
equal  fpace  from  A  to  Dm  z  minute.  By  thefc 
two  forces,  afting  together  at  right  angles  to 
fach  other,  the  fliip  will  defcribe  the  line  AE  C 
w  a  minute :  which  line  (becaufe  the  forces  are 
equal  and  perpendicular  to  each  other)  will  be 
the  diagonal  of  an  exaft  fquare.  To  confirm 
this  law  by  an  experiment,  let  there  be  a  wooden 
%are  A  BCD  fo  contrived,  as  to  have  the  part  Fig,  5. 
^EFC  made  to  draw  out  or  pufh  ii:to  the  fquare 
?t  pleafure.  To  this  part  let  the  pully  H  be 
joined,  fo  as  to  turn  freely  on  an  axis,  which 
^ill  be  at  //  when  the  piece  is  pufhed  in,  and 
at  h  when  it  is  drawn  out.  To  this  part  let  the 
ends  of  a  ftraight  wire  k  be  fixed,  fo  as  to  move 
along  with  it,  under  the  puUcy ;  and  let  the  ball 
G  be  made  to  (llde  eafily  on  die  v/ire.  A  thread 
*  is  fixed  to  this  ball,  and  goes  over  the  pulley 
to  /;  by  this  thread  the  ball  may  be  drawn  up 
on  the  wire,  parallel  to  the  fide  A  D,  when  the 
C  2  part 
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part  BEFC  is  pufhed  as  far  as  it  will  go  into 
the  fquarc.  But,  if  this  part  be  drawn  out,  it 
will  carry  the  ball  along  with  it,  parallel  to  th^ 
bottom  of  the  fquare  D  C.  By  this  means,  the 
ball  G  may  either  be  drawn  perpendicularly  up- 
ward by  pulling  the  thread  w,  or  moved  hori- 
zontaliy  along  by  pulling  ou^ the  part  BEFQ 
in  equal  times,  and  through  equal  fpaces  j  each 
power  ading  equally  and  fcparatcly  upon  iu 
But  if,  when  the  ball  is  at  G,  the  upper  end  of 
the  thread  be  tied  to  the  pin  /,  in  the  corner  ji 
of  the  fixed  fquare,  and  the  moveable  part 
BEFChc  drawn  oyt,  the  ball  will  then  be  afted 
upon  by  both  the  power?  together ;  for  it  will 
be  drawn  up  by  the  thread  toward  the  top  of 
the  fquare,  and  at  the  fame'tinie  be  carried  with 
its  wire  k  toward  the  right  hand  B  C,  moving 
all  the  while  in  the  diagonal  line  L ;  and  will  be 
found  at  g  when  the  Aiding  part  is  drawn  out  as 
far  as  it  was  before;  which  then  will  have  caufed. 
the  thread  to  draw  up  the  ball  to  the  top  of  the 
infide  of  the  fqvare,  juft  as  high  as  it  was  before, 
when  drawn  up  fingly  by  the  thread  without 
moving  the  Aiding  part. 

If  the  afting  forces  are  equal,  but  at  oblique 
angles  to  each  other,  fo  will  the  Ades  of  the 
parallelogram  be :  and  the  diagonal  run  through 
py  the  moving  body  will  be  longer  or  ftiorter, 
according  as  the  obliquity  is  greater  or  fmaller. 
Thi:.^,  jf  two  equal  forces  aft  conjoindy  upon  the 
F{g.  4.  body  r,  one  having  a  tendency  to  move  it 
through  the  fpace  jIB  in  the  fame  rinhe  that  the 
other  has  a  tendency  to  move  it  through  an  equal 
fpace  AD\  it  will  defer ibe  the  diagonal  AGC 
in  the  fame  time  that  either  of  the  Angle  forces^ 
woiijd  have  caufed  it  to  defcribe  either  of  the 
|ide5,    If  one  of  the  forces  be  greater  than  the 
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other,  then  one  fide  of  the  parallelogram  ^ill  bfe 
fo  much  longer  than  the  other.  For,  if  one  force 
fingly  would  carry  the  body  through  the  fpace 
if  £,  in  the  fame  time  that  the  other  would  have 
carried  it  through  the  fpace  -^D,  the  joint  adlion 
of  both  will  carry  it  in  the  fame  time  through 
Ac  fyzQt.AHFy  which  is  the  diagonal  of  the 
oblique  parallelogram  ADEF. 

If  both  forces  aft  upon  the  body  in  fuch  a 
manner,  as  to  move  it  uniformly,  the  diagonal 
defcribed  will  be  a  ftraight  line ;  but  if  one  of 
the  forces  aSs  in  fuch  a  manner  as  to  make  the 
body  move  fafter  and  fafter,  then  the  line  de^ 
fcribcd  will  be  a  curve.  And  this  is  the  cafe  of 
all  bodies  which  are  projefted  in  reftilineal  di- 
^ftions,  and  at  the  fame  time  afted  upon  by  the 
power  of  gravity ;  which  has  a  conftant  tendency 
fo  accelerate  their  motions  in  the  direction  where-^ 
initafts. 

From  the  uniform  projeftile  motion  of  bodies  in  The  laws 
*^ight  lines,  and  the  univerfal  power  of  gravity  of  the 
or  attraftion,  arifes  the  curvilineal  motion  of  all  P'anetary 
the  heavenly  bodies.     If  the  body  A  be  projcded  '"°'''''''- 
^^%  the  ftraight  line   AFH  m  open  fpace,  Fig.  5. 
^herc  it  meets  with  no  refiftance,  and  is  not 
drawn  afide  by  any  power,   it  will  go  ort  for 
^er  with  the  fame  velocity,  and  in  the  fame 
direaion.     But  if,  at  the  fame   moment,  the 
Pfojeftile  force  is  given  it  at  Ay  the  body  S  be- 
gins to  attrad  it  with  a  force  duly  adjufte^*, 
jnd  perpendicular  to  its  motion  at  Ay  it  will  cjjen 
oc  drawn  from  the  ftraight  line  AFH,  and  fdlrccd 

•To  make  theprojcftile  force  a  jull  balance  to  the 
iTtvicatiag  power,  fo  as  to  keep  the  planet  moving  in  a 
^cle,  it  maft  give  fuch  a  velocity  as  the  planet  would 
jcquifc  by  gravity,  when  it  had  fallen  through  half  the 
leoidiaaieter  of  that  circle. 

C  3  to 
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to  revolve  about  S  in  the  circle  AmV\  in  the 
fame  manner,  and  by  the  fame  law,  that  a  peb- 
ble is  moved  round  in  a  fling.  And  if,  when 
the  body  is  in  any  part  of  its  orbit  (as  fuppofe 
-  at  ^  a  fmaller  body  as  L,  within  the  fphere  of 
attraftion  of  the  body  K^  be  projefted  in  the 
right  line  L  M,  with  a  force  duly  adjufted,  and 
perpendicular  to  the  line  of  attraction  LKi  then, 
the  fmall  body  L  will  revolve  about  the  large 
body  K  in  the  orbit  NO,  and  accompany  it  in 
its  whole  courfe  round  the  yet  larger  body  S, 
But  then,  the  body  K  will  no  longer  move  in 
the  circle  A^Pf^  \  for  that  circle  will  now  be 
defcribed  by  the  common  center  of  gravity  be- 
tween K  and  L.  Nay,  even  the  great  body  S 
will  not  keep  in  the  center ;  for  it  will  be  the 
common  center  of  gravity  between  all  the  three 
bodies  «?,  K,  and  L,  that  will  remain  immove- 
able there.  So,  if  we  fuppofe  S  and  K  conneded 
by  a  wire  P  that  has  no  weight,  and  K  and  L 
conneded  by  a  wire  q  that  has  no  weight,  the 
common  center  of  gravity  of  all  thefe  three 
bodies  will  be  a  point  in  the  wire  P  near  ^S"; 
which  point  being  fiipported,  the  bodies  will  be 
all  in  eqiiiliMo  as  they  move  round  it.  Though 
indeed,  ftriftly  fpeaking,  the  common  center  of 
gravity  of  all  the  three  bodies  will  not  be  in  the 
wire  P  but  when  thcfe  bodies  are  all  in  the  right 
line.  Here  S  may  reprcfent  the  fun,  K  the 
earth,  and  L  the  moon. 

In  order  to  form  an  idea  of  the  curves  dcr 
fcribed  by  two  bodies  revolving  about  their  com- 
mon center  of  gravity,  while  they  themfelves 
with  a  third  body  are  in  motion  round  tht:  CCTTi- 
mon  center  of  gravity  of  all  the  three;  let 
Plate  III,  us  firft  fuppofe  E  to  be  the  fun,  and  e  the 
earth  going  round  him  without  any  moon ;  and 
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their  moving   forces  regulated   as  above.     In 
this  cafe,  while  the  earth  goes  round  the  fun  in 
the  dotted  circle  RTUJVXy  &c.  the  fun  will  The 
go  round  the  circle  ABDy  whofe  center  C  is^",^^"/^^" 
the  common  center  of  gravity  between  the  fun  ^\\l^  ^1- 
and  earth :  the  right  line  p  i  reprefcnting  the  volving 
mutual  attraftion  between  them,  by  which  they  about 
arc  as  firmly  connected  as  if  they  were  fixed  at  ^^^^^ 
the  two  ends  of  an  iron  bar  ftrong  enough  to^^^^^f 
hold  them.     So,  when  the  earth  is  at  e,  the  fun  gravity, 
will  be  at  jE ;  when  the  earth  is  at  T,  the  fun  will 
be  at  F;  and  when  the  earth  is  at  g,  the  fun  will 
beacG,  &c. 

Now,  let  us  take  in  the  moon  q  (at  the  top  of 
the  figure)  and  fuppofe  the  earth  to  have  no  pro- 
greflive  motion  about  the  fun;  in  which  cafe, 
while  the  moon  revolves  about  the  earth  in  her 
orbit  J81BC8),  the  earth  will  revolve  in  the 
xircle  «y  13,  whofe  center  R  is  the  common  cen- 
ter of  gravity  of  the  earth  and  moon ;  they  be- 
ing connefted  by  the  mutual  attraftion  between 
them  in  the  fame  manner  as  the  earth  and  fun 
are. 

But  the  truth  is,  that  while  the  moon  revolves 
about  the  earth,  the  earth  is  in  motion  about 
the  fun;  and  now,  the  moon  will  caufe  the 
earth  to  defcribe  an  irregular  curve,  and  not  a 
true  circle,  round  the  fun;  it  being  the  common 
center  of  gravity  of  the  e^rth  and  moon  that  will 
then  defcribe  the  fame  circle  which  the  earth 
would  have  moved  in,  if  it  had  not  been  at- 
tended by  a  moon.  For,  fuppofing  the  moon 
to  defcribe  a  quarter  of  her  progrefTive  orbit 
about  the  earth  in  the  time  that  the  earth  moves 
from  e  to  /;  it  is  plain,  that  when  the  earth 
comes  to  /,  the  moon  will  be  found  at  r ;  in 
which  time,  their  common  center  of  gravity 
C  4  will 
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will  have  defcribed  the  dotted  arc  i?  i  7*,  the 
earth  the  curve  R  S  fy  ^'^^  ^^e  moon  the  curve 
y  14  r.  In  the  time  that  the  moon  defcribcs 
another  quarter  of  her  orbit,  the  center  of  gra- 
vity of  the  earth  and  moon  will  defcribe  the  dot- 
ted arc  T  2  Uy  the  earth  the  curve  f  6  g,  the 
moon  the  curve  r  15  j,  and  fopn— And  thus, 
while  the  moon  goes  once  round  the  earth  in 
her  progrcflive  orbit,  their  common  center  of 
gravity  defcribes  the  regulkr  portion  of  a  circle 
R  I  T^  2  C/j  /^4  ^,  the  earth  the  irregular  curve 
t  Rsf^gl^^h  and  the  moon  the  yet  more 
irregular  curve  y  14  r  15  j  16  /  17  i^i  and  then, 
the  fame  kind  of  tracks  over  again. 

The  center  of  gravity  of  the  earth  and  moon  is 
6000  miles  from  the  earth's  center  toward  the 
moon ;  therefore  the  circle  S  13  which  the  earth 
defcribes  round  that  center  of  gravity  (in  every 
courfe  of  the  moon  round  her  orbit)  is  1 2,000 
miles  in  diameter.  Confcquently  the  earth  is 
1 2,000  miles  nearer  the  fun  at  the  time  of  full 
moon  than  at  the  time  of  new.  [See  the  earth 
at  f  and  at  h.] 

To  avoid  confufion  Jn  fo  fmall  a  figure,  we 
have  fuppofed  the  moon  to  go  only  twice  and  a 
half  round  the  earth,  in  the  time  that  the  earth 
goes  once  round  the  fun :  it  being  impoffible  to 
take  in  all  the  revolutions  which  fhe  makes  in  a 
year,  and  to  give  a  true  figure  of  herpath,  un- 
lefs  we  (hould  make  the  femidiameter  of  the 
earth's  orbit  at  leaft  95  inches;  and  then,  the 
'  proportional  femidiiimeter  of  the  moon's  orbit 
would  be  only  a  quarter  of  an  inch. — For  a  true 
figure  of  the  moon's  path,  I  refer  the  reader  to 
my  treatife  of  aftronomy. 

If  the  moon  made  any  complete  number  of 
revolutions  about  the;  earth,  in  the  time  that  the 
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earth  makes  one  revolution  about  the  fun,  the 
pachs  of  the  fun  and  moon  would  return  into 
the*  iTiftlves  at  the  end  of  tvery  year  \  and  fo  be 
th^  fame  over  again ;  but  they  return  not  into 
th^  iT^felves  in  lefs  than  1 9  years  nearly ;  in  which 
dmc,  the  earth  makes  nearly  1 9  revolutions  about 
th^    fun,  and  the  moon  2,35  about  the  earth. 

I  f  the  planet  A  be  attrafted  toward  the  fun,P|atcII. 
witli  fuch  a  force  as  would  make  it  fall  from  A^^^'  S- 
to      jB,   in  the  time  that  the  projedlile  impulfc 
would  have  carried  it  from  A  to  /s  it  will  de- 
fcribe  the  arc  AG  by  the  combined  aftion  of  thefe  A  double 
forces,  in  the  fame  time  that  the  former  would  ^^y^rba- 
ha.A/'c  caufed  it  to  fall  from  A  to  5,  or  the  latter  i^ncci  a* 
ha. vc  carried  it  from  A  to  F.    But,  if  the  projec-  quadru- 
ple force  had  been  twice  as  great,  that  is,  fuch  as  P'«  P^^c^ 
wo vjld  have  carried  the  planet  from  A  to  //,  in  ^^  ^^*^*' 
the  lame  time  that  now,  by  the  fuppoHtion,  it 
car-ries  it  only  from  AtoF;  the  fun's  attraftion 
n^viH  then  have  been  four  times  as  ftrong  as  for- 
'n^rly,    to  have  kept  the   planet  in  the  circle 
^  ^'ff^;  that  is,  it  muft  have  been  fuch  as  would 
h^x^e  caufed  the  planet  to   fall  from  A  to   £, 
^^  xch  is  four  times  the  diftance  of -^  from  J?,  in 
^^   time  that  the  projeftile  force  fingly  would 
h^'V'c  carried  it  from  A  to  //,  which  is  only  twice 
^^  diftance  of -^  from  F*.     Thus,  a  double 
pr"c>jcftile  force  will  balance  a  quadruple  power 
gravity  in  the  fame  circle ;  as  appears  plain 
■^y    the  figure,  and  fliall  foon  be  confirmed  by 
^^    experiment. 

The  whirling-table    is  a   machine  contrived  Plate  IV. 
f^**  fhewing  experiments  of  this  nature.     A  A  is  F*2*  *• 
^    Itrong  frame  of  wood,  B  a  winch  or  handle 

^  Here  the  arcs  jfG,  AT,  muft  be  fuppofed  to  be  very 
w  ^'* ;  othcrwife  AE^  wchich  is  equal  to  Hly  will  be  more 
vXan  quadruple  to  AB^  which  is  equal  to  FG, 
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The        fixed  on  the  axis  C  of  the  wheel  D,  round  which 
^  w*^^!?^  is  the  catgut  ftring  F,  which  alfo  goes  round  the 
^l^j^"  fmail  wheels  G  and  Ky  croflSng  between  them 
and  the  great  wheel  !)•     On  the  upper  end  of 
the  axis  of  the  wheel  G,   above  the  frame^   is 
fixed  the  round  board  iy   to  which  the  bearer 
ilf  «y  JT  may  be  fattened  occafionally,  and  remov- 
ed when  it  is  not  wanted.     On  the  axis  of  the 
.wheel  H  is  fixed  the  bearer  NT Z:  and  it  is 
cafy  to  fee  that  when  the  winch  B  is  turned,  the 
wheels  and  bearers  are  put  into  a  whirling  mo- 
tion. 

Each  bearer  has  two  wires,  fF^  X,  and  T^  Z, 
fixed  and  fcrcwed  tight  into  them  at  the  ends  by 
nuts  on  the  outfide.  And  when  thefe  nuts  arc 
unfcrewed,  the  wires  may  be  drawn  out  in  or- 
der to  change  the  balls  U  and  V^  which  Aide 
upon  the  wires  by  means  of  brafs  loops  fixed  into 
the  balls,  which  keep  the  balls  up  from  touch- 
ing the  wood  below  them.  A  ftrong  filk  line 
goes  through  each  ball,  and  is  fixed  to  it  at  any 
length  from  the  center  of  the  bearer  to  its  end, 
as  occafion  requires,  by  a  nut-fcrew  at  the  top 
of  the  ball ;  the  fhank  of  the  fcrew  goes  into  the 
center  of  the  ball,  and  preflTes  the  line  againft 
the  under  fide  of  the  hole  that  it  goes  through. 
—The  line  goes  from  the  ball,  and  under  a  fmall 
pulley  fixt  in  the  middle  of  the  bearer ;  then  up 
through  a  focket  in  the  round  plate  (fee  S  and  T) 
in  the  middle  of  each  bearer;  then  through  a 
flit  in  the  middle  of  the  fquare  top  (O  and  P) 
of  each  tower,  and  going  over  a  fmall  pulley  on 
the  top,  comes  down  again  the  fame  way-^  and 
is  at  laft  faftened  to  the  upper  end  of  the  focket 
fixt  in  the  middle  of  the  above-mentioned  round 
plate.  Thefe  plates  ^S"  and  T  have  each  four 
round  holes  near  their  edges  for  letting  them 
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■flidc  up  and  down  upon  the  wires  which  make 
the  corners  of  each  tower.  The  balls  and  plates 
being  thus  connefted,  each  by  its  particular  line, 
it  is  plain,  that  if  the  balls  be  drawn  outward, 
or  toward  the  ends  M  and  N  of  their  refpedtive 
bearers,  the  round  plates  S  and  T  will  be  drawn 
up  to  the  top  of  Cheir  refpeftivc  towers  O  and  P.    , 

There  are  feveral  brafs  weiglits,  fome  of  two 
ounces,  fome  of  three,  and  fome  of  four,  to  be 
occafionally  put  within  the  towers  O  and  P,  upon 
the  round  plates  S  and  ^:  each  weight  having 
a  round  hole  in  the  middle  of  it,  for  going  upon 
the  fockcts  or  axes  of  the  plates,  and  is  flit  from 
the  edge  to  the  hole,  for  allowing  it  to  be  flipt 
over  the  aforefaiJ  line  v/hich  comes  from  each 
ball  to  its  refpeftivc  plate.     (See  F\^.  2.) 

The  experiments  to  be  made  by  tliis  machine 
are  as  follows : 

I.  Take  away  the  bearer  MX,  and  take  the  Fig.  i;  . 
ivory  ball  a,  to  which  the  line  or  ink  cord  ^  ii 
faftened  at  one  end  3  and  having  made  a  loo:)  on 
the  other  end  of  the  cord,  put  the  loop  over  a 
pin  fixt  in  the  center  of  the  board  J.     'Jlu-n,  The  pro- 
turning  the  winch  B  to  give  the  board  a  whirling  pcnfny  of 
motion,  you  will  fee  that  the  ball  docii  not  imn:e-  r';^"^^, '^ 
diately  begin  to  move  with  the  board,  but,  on^j^^^j^^j 
account  of  its  inaftivity,  it  endeavours  to  con- in. 
tinue  in  the  ftate  of  reft  which  it  was  in  before. — 
Continue  turning,  until  the  board  communicates 
an  equal  degree  of  motion  with  its  own  to  the 
ball,  and  then  turning  on,  you  will  perceive  that 
the  ball  will  remain  upon  one  part  of  the  board, 
keeping  the  fame  velocity  with  it,  and  having  no 
relative  motion  upon  it,  as  is  the  cafe  with  every 
thing  that  lies  loofe  upon  the  plane  furfaceof  the 
earth,  which,   having  the  motion  of  the  earth 
communicated  to  it,  never  endeavours  to  remove 

from 


20  Of  central  Forces. 

from  that  place.  But  flop  the  board  fuddcnijr 
by  hand,  and  the  ball  will  go  oh,  and  con* 
tinue  to  revolve  upon  the  board,  until  the 
friftion  thereof  flops  its  motion :  which  (hews, 
that  matter  being  once  put  into  motion  would 
continue  to  move  for  ever,  if  it  met  wfth  no 
refiftance.  In  like  manner,  if  a  perfon  ftands 
upright  in  a  boat  before  it  begins  to  move,  he 
can  ftand  firm  j  but  the  moment  the  boat  fets 
off,  he  is  in  danger  of  falling  toward  that  place 
which  the  boat  departs  from :  becaufc,  as  mat- 
ter, he  has  rfo  natural  propenfity  to  move.  But 
when  he  acquires  the  motion  of  the  boat,  let  it 
be  ever  fo  fwift,  if  it  be  fmooth  and  uniform,  he 
will  ftand  as  upright  and  firm  as  if  he  was  on 
the  plain  fhore ;  and  if  the  boat  ftrikes  againft 
any  obftacle,  he  will  fall  toward  that  obftacle ; 
on  account  of  the  propenfity  he  has,  as  matter, 
to  keep  the  motion  which  the  boat  has  put  him 
into. 

a.  Take  away  this  ball,  and  put  a  longer  cord 
to  it,  which  may  be  put  down  through  the  hol- 
low axis  of  the  bearer  AlXy  and  wheel  G,  and 
fix  a  weight  to  the  end  of  the  cord  below  the 
machine ;    which  weight,  if  left  at  liberty,  will 
draw  the  ball  from  the  edge  of  the  whirling-  . 
board  to  its  center. 
Bodies         Draw  ofl^*  the  ball  a  little  from  the  center,  and 
in^orbus  ^"'"'^  ^'^^  winch  j  then  the  ball  will  go  round  and 
have  a*"  round  with  the  board,  and  will  gradually  fly  off 
tendency  farther  and  farther  from  the  center,  and  raife  up 
to  fly  out  the  weight   below  the  machine:    which  fhews 
^^^^^^   that  all  bodies  revolving  in  circles  have  a  ten- 
dency to  fly  off^  from  thcfe  clfcles,  and  muft  have 
fome  power  adingupon  them  from  the  center  of 
i;;G::ion,  to  keep  them  from  flying  ofF.   Stop  the 
machine,  and  tne  ball  will  continue  to  revolve 

for 
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for  fomc  time  upon  the  board ;  but  as  the  fric- 
tion gradually  ftops  its  motion,  the  weight  afting 
upon  it  will  bring  it  nearer  and  nearer  to  the 
center  in  every  revolution,  until  it  brings  it 
quite  thither.  This  fhews,  that  if  the  planets 
met  with  any  refiftancc  in  going  round  the  fun, 
its  attractive  power  would  bring  them  nearer 
and  nearer  to  it  in  every  revolution,  until  they 
fell  upon  it.  , 

3.  Take  held  of  the  cord  below  the  machine  Bodiet 
with  one  hand,  and  with  the  other  throw  the  ball  move 
ppon  the  round  board  as  it  were  at  right  angles  ^*^*''  ** 
to  the  cord,  by  which  means  it  will  go  round  bhfthaia 
and  round  upon  the  board.      Then  obfcrving  in  large 
with  what  velocity  it  moves,  pull  the  cord  be-  ones, 
low  the  machine,  which  will  bring  the  ball  nearer 

to  the  center  of  the  board,  and  you  will  fee  that 
the  nearer  the  ball  is  drawn  to  the  center,  the 
fafter  it  will  revolve;  as  thofe  planets  which  are 
ncar^ft  the  fun  revolve  fafter  than  thofe  which 
are  more  remote ;  and  not  only  go  round  fooner, 
bccaufe  they  defcribe  fmaller  circles,  but  even 
move  fafter  in  every  part  of  their  refpedive 
circles. 

4.  Take  away  this  ball,  and  apply  the  bearer  xhcir 
MX^  whofe  center  of  motion  is  in  its  middle  at  ccnirifa- 
w,  dircdly  over  the  center  of  the  whirling- board  8*^  ^^^^^ 
d.     Then  put  two  balls  (/>^and  U)  of  equal  ^^*'- 
weights  upon  their  bearing  wires,   and  having 

fixed  them  at  equal  diftances  from  theirrefpeftive 
centers  of  motion  w  and  x  upon  their  filk  cords, 
by  the  fcrew  nuts,  put  equal  weights  in  the 
towers  O  and  P.  Laftly,  put  the  catgut  ftrings 
£  and  F  upon  the  grooves  G  and  H  of  the  fmall  . 
wheels,  which  being  of  equal  diameters,  will  give 
ccjual  velocities  to  the  bearers  above,  when  the 
ViQch  B  is  tMTned :  an4  the  balls  U  and  V  will 

fly 
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fly  off  toward  M  and  N;  and  will  raifc  th^ 
weights  in  the  towers  at  the  (ame  inftant.  This 
Ihews,  that  when  bodie$  of  equal  quantities  of 
matter  revolve  in  equal  circles  with  equal  velo- 
cities, their  centrifugal  forces  are  equal. 

5.  Take  away  thefe  equal  balls,  and  inftead 
of  thcnn  put  a  ball  of  fix  ounces  into  the  bearer 
MXy  at  a  fixth  part  of  the  diftance  w  z  from  the 
center,  and  put  a  ball  of  one  ounce  into  the  op- 
pofite  bearer,  at  the  whole  diftance  xy^  which 
IS  equal  to  w  z  fronn  the  center  of  the  bearer ; 
and  fix  the  balls  at  thefe  diftances  on  their  cords, 
by  the  fcrew  nuts  at  top ;  and  then  the  ball  C^ 
which  is  fix  times  as  heavy  as  the  ball  Fy  will  be 
at  only  a  fixth  part  of  the  diftance  from  its  cen- 
ter of  motion ;  and  confequently  will  revolve  in 
a  circle  of  only  a  fixth  part  of  the  circumference 
of  the  circle  in  which  ^  revolves.  Now,  let  any 
equal  weights  be  put  into  the  towers,  and  the 
machine  be  turned  by  the  winch  ;  which  (as  the 
catgut  ftring  is  on  equal  wheels  below)  will 
caufe  the  balls  to  revolve  in  equal  times ;  l3ut  y 
will  move  fix  times  as  faft  as  C/,  becaufe  it  re- 
volves in  a  circle  of  fix  times  its  radius;  and 
both  the  weights  in  the  tov/ers  will  rife  at  once. 
This  fiiews,  that  the  centrifugal  forces  of  revolv- 
ing bodies  (or  their  tendencies  to  fly  off^  from  the 
circles  they  defcribe)  are  in  direft  proportion  to 
their  quantities  of  matter  multiplied  into  their 
refpeftive  velocities ;  or  into  their  diftances  from 
the  centers  of  tlieir  refpeftive  circles.  For,  fup.^ 
pofing  Uy  which  weighs  fix  ounces,  to  be  two 
inches  from  its  center  of  motion  Wy  the  weight? 
multiplied  by  the  diftance  is  12:  and  fuppofing 
Fy  which  weighs  only  one  ounce,  to  be  12  inches 
dittant  from  the  center  of  motion  Xy  the  weight 
I  ounce  multiplied  by  the  diftance  11  inches 

is 
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15  1 2.  And  as  they  revolve  in  equal  times,  their 
velocities  are  as  their  diftances  from  the  center, 
namely,  as  i  to  6. 

If  thefe  two  balls  be  fixed  at  equal  diftances 
from  their  refpeftive  centers  of  motion,  they 
will  move  with  equal  velocities;  and  if  the 
tower  O  has  6  time^  as  much  weight  put  into  it 
as  the  tower  P  has,  the  balls  will  raife  their 
veights  exaftly  at  the  fame  moment.  This 
Ihews  that  the'ball  C/ being  fix  times  as  heavy  as 
the  ball  V^  has  fix  times  as  much  centrifugal 
force,  in  defcribing  an  equal  circle  with  an  equal 
velocity. 

6.  if  bodies  of  equal  weights  revolve  in  equal  A  double 
circles  with  unequal  velocities,  their  centrifugal  y^^^"V 
forces  are  as  the  fquares  of  the  velocities.     To  ^{^mt  cir- 
prove  this  law  by  an  experiment,  let  two  balls  clc,  is  a 
V  and  V  of  equal  weights  be  fixed  on  their  cords  balance 
at  equal  diftances  from  their  refpeftive  centers  ^?  *  ?"*" 
of  motion  w  and  x ;   and  then  let  the  catgut  p^'^cr  of 
Ib-ing  E  be  put  round  the  wheel  K  (whofe  cir-  gravity, 
cumference  is  only  one  half  of  the  circumference 
of  the  wheel  H  or  G)  and  over  the  pulley  s  to 
keep  it  tight  i  and  let  four  times  as  much  weight 
be  put  into  the  tower  P,    as  in  the  tower  O. 
Then  turn  the  winch  B^  and  the  ball  V  will  re- 
volve twice  as  faft  as  the  ball  C7  in  a  circle  of  the 
fame  diameter,  becaufe  they  are  equidiftant  from 
the  centers  of  the  circles  in  which  they  revolve ; 
and  the  weight  in  the  towers  will  both  rife  at 
the  fame  inftant,  which  fliews  that  a  double  vc-» 
locity  in  the  fame  circle  will  exaftly  balance  a 
quadruple  power  of  attraftion  in  the  center  of 
the  circle.     For  the  weights  in  the  towers  may 
be  confidered  as  the  attradtive  forces  in  the  cen- 
tcrsj   afting  upon  the  revolving  balls  i   which, 

moving 
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moving  in  equal  circles,  is  the  fannc  thing  as  if 
they  both  moved  in  one  and  the  fame  circle. 
Kepler's  7.  If  bpdies  of  equal  weights  revolve  in  un- 
problcm.  equal  circles,  in  fuch  a  manner  that  the  fquares 
of  the  times  of  their  going  round  are  as  the 
cubes  of  their  diftances  from  the  centers  of  the 
circles  they  defcribe;  their  centrifugal  forces  are 
inverfely  as  the  fquares  of  their  dillances  from 
thofc  centers.  For,  the  catgut  ftring  renr^ining 
as  in  the  laft  experiment,  let  the  diftance  of  the 
ball  V  from  the  center  x  be  made  equal  to  'two 
of  the  crofs  divifions  on  its  bearer ;  and  the  dif- 
tance of  the  ball  U  from  the  center  w  be  three 
and  a  fixth  part ;  the  balls  themfelves  being  of 
equal  weights,  and  V  making  two  revolutions 
by  turning  the  winch,  in  the  time  that  U  makes 
one:  fo  that  if  we  fuppofe  the  ball  V  to  revolve 
in  one  fccond,  the  ball  U  will  revolve  in  two 
feconds,  the  fquares  of  which  aie  one  and  four: 
for  the  fquare  of  i  is  only  i,  and  the  fquare  of 
a  is  4 ;  therefore  the  fquare  of  the  period  or 
revolution  of  the  ball  Vy  is  contained  four  times 
in  the  fquare  of  the  period  of  the  ball  U.  But 
the  diftance  of  ^is  2,  the  cube  of  which  is  8, 
and  the  diftance  of  U  is  7-J-,  the  cube  of  which 
is  32  very  nearly,  in  which  8  is  contained  four 
times  J  and  therefore,  the  fquares  of  the  periods 
of  V  and  U  are  to  one  another  as  the  cubes  of 
their  diftances  from  x  and  Wy  which  are  the  cen- 
ters of  their  refpeftiye  circles.  And  if  the 
weight  in  the  tower  0  be  four  ounces,  equal  to 
the  fquare  of  2,  the  diftance  of  V  from  the  cen- 
ter X'y  and  the  weight  in  the  tower  P  be  ten 
ounces,  nearly  equal  to  the  fquare  of  3-J.,  the  dif- 
tance of  C/ from  W'y  it  will  be  found  upon  turn- 
ing the  machine  by  the  winch,  that  the  balls  U 
and  y  will    raife    their  refpeftive   weights    at 

the 
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the  fame  inftant  of  time.  Which  confirms  that 
famous  obfervation  of  Kepler,  viz.  That  the 
fquarcs  of  the  times  in  which  the  planets  go  round 
the  fun  are  in  the  fame  proportion  as  tiie  cubes 
.of  their  diftances  from  him ;  and  that  the  fun's 
attraftioa  is  inverfely  as  the  fquare  of  the  diftance 
from  his  center :  that  is,  at  twice  the  diftance, 
his  atiraftion  is  four  times  Icfs ;  and  thrice  the 
diftance,  nine  times  lefs  \  at  four  times  the  dif- 
tance, fixteen  times- lefsj  and  fo  on,  to  there- 
moteft  part  of  the  fyftenri. 

8.  Take  off  the  catgut  ftring  E  from  the 
great  wheel  D  and  the  fmall  wheel  H^  and  let 
the  ftring  F  remain  upon  the  wheels  Z)  and  G. 
Take  away  alfo  the  bearer  MX  from  the  whirl- 
ing-board //,  and  inftead  thereof  put  the  ma- 
chine AB  upon  it,  fixing  this  machine  to  the 
center  of  the  board  by  the  pins  c  and  ^,  in  fuch  Fig.  3; 
a  manner,  that  the  end  e  f  may  rife  above  the 
board  to  an  angle  of  30  or  40  degrees.  In  the  The  sh- 
ipper fide  of  this  machine  are  two  glafs  tubes  furdiry  of 
^  and  ^,  clofe  ftopt  at  both  ends ;  and  each  ^^5  ^*''" 
tube  is  about  three  quarters  full  of  water.  In  J^j^^"/®'^^ 
the  tube  ^a  is  a  little  quickfilver,  which  naturally 
falls  down  to  the  end  a  in  the  water,  becaufe 
it  is  heavier  than  its  bulk  of  water ;  and  in  the 
tube  b  is  a  fmall  cork  which  floats  on  the  top 
pf  the  water  at  ^,  becaufe  it  is  lighter ;  and  it 
}s  fmall  enough  to  have  liberty  to  rife  or  fall 
^n  the  tube.  While  the  board  b  with  this  ma- 
cfiine  upon  it  continues  at  reft,  the  quickfilver 
'i^s  at  the  bottom  of  the  tube  a^  and  the  cork 
floats  on  the  water  near  the  top  of  the  tube  b. 
^ut,  upon  turning  the  winch,  and  putting  the 
Machine  in  motion,  the  contents  of  each  tube  will 
%  off  toward  the  uppcrmoft  ends  (which  arc 
'arthcft  from  the  center  of  motion)  the  heavieft 
D  with 
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wth  the  grcatcft  force.  Therefore  the  quick-* 
filver  in  the  tube  a  will  fly  off  quite  to  the  end 
/,  and  occupy  its  bulk  of  fpace  there,  eiccluding 
the  water  from  that  place>  becaufe  it  is  lighter 
than  quickfilver;  but  the  water  in  the  tube  b 
flying  off  to  its  higher  end  ^,  will  exclude  the 
cork  from  that  place,  and  caufe  the  cork  to  de« 
fcend  toward  thcj  lowcrmofl;  end  of  the  tube, 
where  it  will  remain  upon  the  loweft  end  of  the 
water  near  b ;  for  the  heavier  body  having  the 
greater  centrifugal  force,  will  therefore  poflefs 
the  uppermoft  part  of  the  tube ;  and  the  lighter 
body  will  keep  between  the  heavier  and  the 
lowermoft  part. 

This  dcmonftrates  the  abfurdity  of  the  Carte- 
fian  doftrine  of  the  planets  moving  round  the 
fun  in  vortexes:    for,   if  the  planet  be   more 
denfe  or  heavy  than  its  bulk  of  the  vortex,  it  will 
fly  off  therein,  farther  and  farther  from  the  fun ; 
ir  lefs  ^enfe,  it  will  come  down  to  the  loweft. 
part  of  the  vortex,  at  the  fun :  and  the  whole 
•    vortex  itfelf  muft  be  fnrrounded  with  fomething 
like  a  great  wall,  otherwife  it  would  fly  quite  off, 
planets  and  all  together.— But  while  gravity  ex- 
ifts,  there  is  no  occafion  for  fuch  vortexes ;  and 
When  it  ceales  to  exift,  a  ftone  thrown  upward 
will  never  return  to  the  earth  again. 
If  one  g^  If  a  body  be  fo  placed  on  the  whirling- 

moves      board  of  the  machine  (Fig.  i.)  that  the  center  of 
round      gravity  of  the  body  be  direftly  over  the  center 
another,   of  the  board,  and  the  board  be  put  into  ever  fo 
both  of   Tapid  a  motion  by  the  winch  By  the  body  vdll 
■Jj^^"**   turn  round  with  the  board,  but  will  not  remove^ 
round       from  the  middle  of  it  i  for,  as  all  parts  of  th^ 
their        body  are  iit  equilihrio  round  its  center  of  gravity^ 
common    j^^d  the  center  of  gravity  is  at  reft  in  the  center 
Kivtar?    ^^  motion,  the  centrifugal  force  of  all  parts  o£ 
*       *  3  the 
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ttie  body  will  be  equal  at  equal  diftancet  from 
its  center  of  motion,  and  therefore  the  body  will 

,  remain  in  its  place.  But  if  the  center  of  gravity 
be  placed  ever  fo  little  out  of  the  center  of  mo- 
tion, and  the  machine  be  turned  fwiftly  round, 
the  body  will  fly  off  toward  that  fide  of  the 
board  on  which  its  center  of  gravity  lies.  Thus,  Fig.  4; 
if  the  wire  C  with  its  little  ball  B  be  taken  away 
from  the  demi-globe  ji^  and  the  flat  fide  e  f  oi 
this  demi-globe  be  laid  upon  the  whirling-board 
of  the  machine,  fo  that  their  centers  may  coin- 
cide ;  if  then  the  boafrd  be  turned  ever  fo  quick 
by  the  winch,  the  demi-globe  will  remain  where 
it  was  placecT  But  if  the  wire  Cbe  fcrewed  into 
the  demi-globe  at  d^  the  whole  becomes  one 
body,  whofe  center*of  gravity  is  now  at  or  near 
d.  Let  the  pin  c  be  fixed  in  the  center  of  the 
v^hirling-board,  and  the  deep  groove  b  cut  in  the 
fiat  fide  of  the  demi-globe  be  put  upon  the  pin, 

•ib  as  the  pin  may  be  in  the  center  of  A  [See  Fig. 
5.  where  this  groove  is  reprefented  at  K\  and  let  Fig.  j; 

%he  whirling-board   be    turned   by  the  winch, 

^hich  will  carry  the  little  ball  B  (Fig.  4.)  with 

its  wire  Ci  jind  the  demi-globe  A^  all  round  the 
«:enter-pin  t  i-,  and  then,  the  centrifugal  force  of 

^hc  little  ball  5,  which  weighs  only  one  ounce, 
'will  be  fo  great,  as  to  draw  oflT  the  demi-globe 
^,  which  weighs  two  pounds,  until  the  end  of 
^e  groove  at  e  fixikes  againll  the  pin  r,  and 
^  prevents  tde  demi-globe  A  from  going  any 
:^rtheri  otherwife,  the  centrifugal  force  of  B 
'Would  have  been  great  enough  to  have  carried 

\/i  quite  off  the  whirling-boards  Which  Ihews, 
^dut  if  the  fun  were  placed  in  the  very  center  of 
the  •orbits,  of  the  planets,  it  could  not  pofljbly 
temain  there ;  for  the  centrifugal  forces  of  the 
planets  would  carry  them  quite  off,  and  the  fun 
jQ  a  with 
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v^ith  them ;  efpecially  when  feveral  of  them  hap- 
pened to  be  in  any  one  quarter  of  the  heavens. 
For  the  fun  and  planets  are  as  much  conneftcd 
by  the  mutual  attraftion  that  fubfifts  between 
them,  as  the  bodies  A  and  B  are  by  the  wire  C 
which  is  fixed  into  them  both.  And  even  if 
there  were  but  one  fingle  planet  in  the  whole 
heavens  to  go  round  ever  fo  large  a  fun  in  the 
center  of  its  orbit,  its  centrifugal  force  would 
foon  carry  off  both  itfelf  and  the  fun.  For,  the 
greateft  body  placed  in  any  part  of  free  Ipace 
might  be  eafily  moved :  becaufe  if  there  were  no 
other  body  to  attraft  it,  it  could  have  no  weight 
or  gravity  of  itfelf;  and  confequently,  though  it 
could  have  no  tendency  of  itfelf  to  remove  from 
that  part  of  fpace,  yet  it  might  be  very  eafily 
moved  by  any  other  fubftance. 

lo.  As  the  centrifugal  force  of  the  light  body 
B  will  not  allow  the  heavy  body  A  to  remain  in 
the  center  of  motion,  even  though  it  be  24  times 
as  heavy  as  B  ;  let  us  now  take  the  ball  A  (Fig. 
fig.  6.  6.)  which  weighs  6  ounces,  and  conneft  it  by 
the  wire  C  with  the  ball  5,  which  weighs  only' 
one  ounce ;  and  let  the  fork  E  be  fixed  into  the 
center  of  the  whirling-board :  then  hang  the 
balls  upon  the  fork  by  the  wire  C  in  fuch  a  man- 
ner, that  tliey  may  cxaftly  balance  each  other ; 
which  will  be  when  the  center  of  gravity  between 
them,  in  the  wire  at  d,  is  fupport  fd  by  the  fork. 
And  this  center  of  gravity  is  as  much  nearer  to 
the  center  of  the  ball  A^  than  to  the  center  of  the 
ball  By  as  A  is  heavier  than  5,  allowing  for  the 
weight  of  the  wire  on  each  fide  of  the  fork. 
1  his  done,  let  the  machine  be  put  into  motion 
by  the  winch;  and  the  balls  A  and  B  will  go 
iound  their  common  center  of  gravity  dy  keep- 
iiig  their  b.ih:nce,  becaufe  cither  will  not  allow 
y  the 
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the  other  to  fly  ofF  with  it.  For,  fiippofing  the 
ball  B  to  be  only  one  ounce  in  weight,  and  the 
ball  A  to  be  fix  ounces ;  then,  if  the  wire  C  were 
CQuaUy  heavy  on  each  fide  of  the  fork,  the  center 
or  gravity  d  would  be  fix  tinnes  as  far  from  the 
center  of  the  ball  B  as  from  that  of  the  ball  Ay 
and  confequently  B  will  revolve  with  a  velocity 
fix  times  as  great  as  A  does;  which  will  give  B 
fix  times  as  much  centrifugal  force  as  any  fingle 
ounce  of  A  has :  but  then,  as  B  is  only  one 
ounce,  and  A  fix  ounces,  the  whole  centrifugal 
force  of  A  will  exactly  balance  the  whole  centri- 
fugal force  of  B :  and  therefore,  each  body  will 
detain  the  other  fo  as  to  make  it  keep  in  its 
circle.  This  fliews  that  the  fun  and  planets  muft 
all  move  round  the  common  center  of  gravity 
of  the  whole  fyftem,  in  order  to  preferve  that  juft 
balance  which  takes  place  among  them.  For, 
the  planets  being  as  unaftive  and  dead  as  -the 
above  balls,  they  could  no  more  have  put  them- 
felves  into  motion  than  thefe  balls  can  i  nor  have 
kept  in  their  orbits  without  being  balanced  at 
firft,  with  the  greateft  degree  of  exaftnefs  upon 
their  common  center  of  gravity,  by  the  Almighty 
hand  that  made  them  and  put  them  in  motion. 

Perhaps  it  may  be  here  afked,  that  fince  the 
center  of  gravity  between  thefe  balls  muft  be 
fupported  by  the  fork  E  in  this  experiment, 
what  prop  it  is  that  fupports  the  center  of  gra- 
vity of  the  folar  fyftem,  and  confequently  bears 
the  weight  of  all  the  bodies  in  it  j  and  by  what 
is  the  prop  itfelf  fupported  ?  The  anfwer  is  eafy 
and  plain  ;  for  the  center  of  gravity  of  our  balls 
muft  be  fupported,  becaufe  they  gravitate  to- 
ward the  earth,  and  would  therefore  fall  to  it : 
but  as  the  fun  and  planets  gravitate  only  toward 
D  3  one 
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one  another,  they  have  nothing  elfc  to  fall  to } 
and  therefore  have  no  occafion  for  any  thing  to 
fupport  their  common  center  of  gravity :  and  if 
they  did  not  move  round  that  center,  and  confe- 
quently  acquire  a  tendency  to  fly  off  from  it  bjr 
their  motions,  their  mutual  attraftions  would 
foon  bring  them  together;  and  fo  the  whole 
would  become  one  mafs  in  the  fun:  which  would 
alfo  be  the  cafe  if  their  ji^elocities  round  the  fun 
were ^  not  quick  enough  to  create  a  centrifugal 
force  equal  to  the  fun*s  attraction. 

But  after  all  this  nice  adjuftment,  it  appears 
evident  that  the  Deity  cannot  withdraw  his  re- 
gulating, hand  from  his  works,  and  leave  them 
to  be  folely  governed  by  the  laws  which  he  has 
impreft  upon  them  at  firft.  For  if  he  Ihould 
once  leave  them  fo,  their  order  Would  in  time 
come  to  an  end ;  becaufe  the  pjanets  muft  ne- 
ceffarily  difturb  one  another's  motions  by  their 
mutual  attraftions,  when  feveral  of  them  are  in 
the  fame  quarter  di  the  heavens ;  as  is  often  the 
cafe:  and  then,  as  they  attraft  the  fun  more 
toward  that  quarter  than  when  they  are  in  a 
manner  difperfed  equably  around  him,  if  he  was 
not  at  that  time  made  to  defcribe  a  portion  of  a 
larger  circle  round  the  common  center  of  gravity, 
the  balance  would  then  be  immediately  de- 
ftroyed  j  and  as  it  could  never  reftore  itfelf  again, 
the  whole  fyftem  would  begin  to  fall  together, 
and  would  in  time  unite  in  a  mafs  at  the  fun.— 
Of  this  difturbance  we  have  a  very  remarkable 
inftance  in  the  comet  which  appeared  lately  j  and 
which,  in  going  laft  up  before  from  the  fun,  went 
fb  near  to  Jupiter,  and  was  fo  affeded  by  his 
attraftion,  as  to  have  the  figure  of  its  orbit  much 
changed  j  and  not  only  fo,  but  to  have  its  period 
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altered,  and  its  courfe  to  be  different  in  the  hea- 
vens from  what  it  was  laft  before. 

11.  Take  away  the  fork  and  balk  from  the  Fig.  7. 
whirling- board,  and  place  the  trough  AB  there- 

OHj  fixing  its  center  to  the  center  of  the  whirl- 
ing-board by  the  pin  U.  In  this-  trough  are  two 
balls  D  and  £,  of  unequal  weights,  connected 
by  a  wire  /;  and  made  to  Aide  eafily  upon  the 
wire  C  ftretched  from  end  to  end  of  the  trough, 
and  made  faft  by  nut-fcrews  on  the  outfide  of  the 
ends.  Let  thefe  balls  be  fo  placed  upon  the  wire 
C,  that  their  comnnon  center  of  gravity  g  may  be 
dircftly  over  the  center  of  the  whirling-board. 
Then,  turn  the  machine  by  the  winchj^  ever  fo 
fwiftly,and  the  trough  and  balls  will  go  round  their 
center  of  gravity,  fo  as  neither  of  the  balls  will  fly- 
off;  becauie,  on  account  of  the  equilibrium,  each 
ball  detains  the  other  with  an  equal  force  ading^ 
againft  it.  But  if  the  ball  E  be  drawn  a  little 
more  toward  the  end  of  the  trough  at  A^  it  will 
remove  the  center  of  gravity  toward  that  end 
fiom  the  center  of  motion;  and  then,  upon 
turning  the  machine,  the  little  ball  E  will  fly  oflF» 
and  ftrikc  with  a  confiderable  force  againft  the 
end  A^  and  draw  the  great  ball  B  into  die  middle 
of  the  trough.  Or,  if  the  great  ball  D  be  drawn 
toward  the  enil  5  of  the  trough,  fo  that  the  cen- 
ter of  gravity  may  be  a  little  toward  that  end 
from  the  center  of  motion,  and  the  machine  be 
turned  by  the  winch,  the  great  ball  D  will  fly  off^, 
and  ftrike  violently  againft  the  end  B  of  the 
trough,  and  will  bring  the  litde  ball  E  into  the 
midfie  of  it.  If  the  trough  be  not  made  very 
ftrong,  the  ball  D  will  break  through  it. 

12.  The  reafon  why  the  tides  rife  at  the  fame  Of  the 
*bfi)lute  time  on  oppofite  fides  gf  the  earth,  and  tides* 
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confeqnently  in  oppofitc  dircftions,  is  made 
abundantly  plain  by  a  new  experinnent  on  the 
whirling-table.  The  caufe  of  their  rifing  on  the  fide 
next  the  moon  every  one  underftands  to  be  owing 
to  t!:ie  moon's  attraftion  :  but  why  they  (hould 
rife  on  the  oppofite  fide  at  the  fame  time,  where 
there  is  no  moon  to  attraft  them,  is  perhaps  not 
fo  generally  underftood.  For  it  would  feem 
that  the  moon  fhould  rather  draw  the  waters  (a3 
it  were)  clofcr  to  that  fide,  than  raife  them  upon 
it,  direftly  contrary  to  her  attradlive  force.     Let 

Fig*  ?•  the  circle  abed  rcprcfent  the  earth,  with  its  -fide 
c  turned  toward  tlic  moon,  which  will  then  at- 
tra6t  the  waters  fo,  as  to  raife  them  from  c  to  g. 
But  the  queftioh  i?,  v^hy  fliould  they  rife  as  high 
at  that  very  time  on  the  oppofite  fide,  from  a  to 

fig-  9-  e?  In  order  to  explain  this,  let  there  be  a  plate 
AB  fixed  upon  one  end  of  the  fiat  bar  D  C\  with 
fuch  a  circle  drawn  upon  it  as  ^^f  ^  (in  Fig.  8.) 
to  reprefent  the  round  figure  of  the  earth  and 
foi;  and  fuch  an  cUipfis  as  efgh  to  reprefent  the 
fwelling  of  the  tide  at  e  and  ^,  occ^'Horud  by  the 
influence  of  the  moon.  Ovc  this  place  A B  let 
the  three  ivory  balls  e^fy  ^^  be  hung  by  the  filk 
lines  /),  /,  Z%  f  ilknvrd  to  the  tops  of  the  crooked 
wires  //,  /,  /J,  in  fiich  a  manni.T,  that  the  ball  at 
^  may  hang  ficcly  over  the  fide  c^t'  the  circle  e^ 
which  is  fartheft  from  die  moon  M  at  the  other 
end  of  the  bar ;  the  ball  at  /  may  hang  fieely 
over  »he  center,  and  the  ball  at  g  hang  over  the 
fide  vS  the  circle  ^,  which  is  ncarefl:  the  moon. 
The  b.Vil/miiy  rcpit-rcnt  the  tenter  of  the  earth,  - 
thvi*  ball  g  ibmc  w.iter  on  tl^e  fide  next  the  moon, 
and  llic  hall  e  fome  v/dtcr  on  the  oppofite  fcie. 
Oil  liic  Lack  cr'  lIj  '  iiu;on  M  is  fixt  the  fiiort  bar 
N  parr.lKl  to  the  horizon,  and  there  are  three 
holes  in  it  above  the  litde  weights  ^,  q^  r.     A 

filk 


Of  the  Tides.  43 

filk  thread  0  is  tied  ta  the  line  k  clofe  above  the 
ball  g^  and  pafling  by  one  fide  of  the  moon  M^ 
goes  through  a  hole  in  the  bar  iV,  and  has  the 
weighty  hung  to  it*  Such  another  thread  n  is 
tied  to  the  line  /,  clofe  above  the  ball  /,  and 
pafCng  through  the  center  of  the  moon  M  and 
middle  of  the  bar  Ny  has  the  weight  q  hung  to 
it,  which  is  lighter  than  the  weight  p.  A  third 
thread  m  is  tied  to  the  line  A,  clofe  above  the  ball 
iy  and  pafling  by  the  other  fide  of  the  moon  M^ 
through  the  bar  N^  has  the  weight  r  hung  to  it, 
which  is  lighter  than  the  weight  q. 

The  ufe  of  thefe  three  unequal  weights  is  to 
reprefent  the  tnoon'b  unequal  attraftion  at  dif- 
ferent diftances  from  her.  Wich  whatever  force 
Ihe  attrads  the  center  of  the  eardi,  flie  attrafts 
tht  fide  next  her  with  a  greater  degree  of  force, 
and  the  fide  farcheft  from  her  with  a  lefs.  So, 
if  the  weights  are  left  at  liberty,  they  will  draw 
all  the  three  balls  toward  the  moon  with  differ- 
icnt  degrees  of  force,  and  caufe  them  to  make  the 
appearance  (hewn  in  Fig.  lO;  by  which  means  pig.  10. 
they  are  evidendy  farther  from  each  other  than 
they  would  be  if  they  hung  at  liberty  by  the 
lines  by,  /,  k ;  becaufe  the  lines  would  then  hang 
perpendicularly.  This  fhews,  that  as  the  moon 
attracts  the  fide  of  the  earth  which  is  neareft  her 
with  a  greater  degree  of  force  than  flie  does  the 
center  of  the  earth,  fhe  will  draw  the  water  on 
that  fide  more  than  flie  draws  the  center,  and  fo 
caule  it  to  rife  on  that  fide :  and  as  fiie  draws  the 
center  more  than  ftie  draws  the  oppofite  fide, 
the  center  will  recede  farther  from  the  furface  of 
the  water  on  that  opnofite  fide,  and  fo  leave  it  as 
high  there  as  fhe  raifed  it  on  the  fide  next  to  her. 
For,  as  the  center  will  be  in  the  middle  between 

the 
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the  tops  of  the  oppofite  elevations,  they  muft  dt 
courfe  be  equally  high  on  both  fides  at  the  faiine 
time. 

But  upon  this  fuppofition  the  earth  and  moon 
.  would  foon  come  together:  and  to  be  fure  they 
would,  if  they  had  not  a  motion  round  their 
common  center  of  gravity,  to  create  a  degree  of 
centrifugal  force  fufficicnt  to  balance  their  mu- 
tual attra<5iion.  This  motion  they  have  j  for  as . 
the  moon  goes  round  her  orbit  every  month,  at 
the  diftance  of  240000  miles  from  the  earth's 
center,  and  of  234000  miles  from  the  center  of 
gravity  of  the  earth  and  moon,  fo  does  the  earth 
go  round  the  fame  center  of  gravity  every  month 
at  the  diftance  of  6000  miles  from  it;  that  is, 
from  it  to  the  center  of  the  earth.  Now  as  the 
earth  is  (in  round  numbers)  8000  miles  in  dia- 
meter, it  is  plain  that  its  fide  next  the  moon  is 
only  2000  miles  from  the  common  center  of  gra- 
vity of  the  earth  and  moon;  its  center  6000 
miles diftant  therefrom;  and  its  farther  fide  from 
the  moon  loooo.  Therefore  the  centrifugal 
forces  of  thefe  parts  are  as  2000,  6000,  and 
1 0000 ;  that  is,  the  centrifugal  force  of  any  fide 
of  the  earth,  when  it  is  turned  from  the  moon, 
is  five  times  as  great  as  when  it  is  turned  toward 
the  rnoon.  And  as  the  moon's  attraction  (ex- 
preft  by  the  numbers  6000)  at  the  earth's  center 
keeps  the  earth  from  flying  out  of  this  monthly 
>  circle,  it  muft  be  greater  than  the  centrifugal 

.  force  of  the  waters  on  the  fide  next  her;  and 
confequently,  her  greater  degree  of  attraftion  on 
that  fide  is  fufficient  to  raife  them ;  but  as  her 
attraftion  on  the  oppofite  fide  is  lefs  than  the 
centrifugal  force  of  the  water  there,  the  excefs 
of  this  force  is  fufficient  to  raife  the  water  juft  as 

high 
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high  on  the  oppofitc  fide. — To  prove  this  expc-  pig.  9, 
rimentaUy,  let  the  bar  D  C  with  its  furniture  be 
fixed  upon  the  whirUhg-board  of  the  machine 
(Fig.  I.)  by  puftiing  the  pin  P  into  the  center 
of  the  board ;  which  pin  is  in  the  center  of  gra- 
vity of  the  whole  bar^with  its  three  balls  e^fyg^ 
and  moon  M.  Now  if  the  whirling-board  and 
bar  be  turned  flowly  round  by  the  winch,  until 
the  ball  /  hangs  over  the  center  of  the  circle,  as 
in  Fig.  II.  the  ball  g  will  be  kept  toward  the 
moon  by  the  heavieft  weight  f  (Fig.  9.)  and 
the  ball  ^,,on  account  of  its  greater  centrifugal 
force,  and  the  leffer  weight  r,  will  fly  off  as  far 
to  the  other  fide,  as  in  Fig.  1 1.  And  thus,  while 
die  machine  is  kept  turning,  the  balls  e  and  g 
will  hang  over  the  end  of  the  ellipfis  I  fk.  So 
that  the  centrifugal  force  of  the  ball  e  will  ei^- 
cced  the  moon's  attraction  juft  as  much  as  her 
attraction  exceeds  the  centrifugal  force  of  the 
ball  gy  while  her  attraction  juft  balances  the  cen- 
trifugal force  of  the  ball  fy  and  makes  it  keep 
in  it?  circle.  And  hence  it  is  evident,  that  the 
tides  mufl:  rife  to  equal  heights  at  the  fame  time 
on  oppofite  fides  of  the  earth.  This  experi- 
ment^ tq  the  bcft:  of  my  knowledge,  is  entirely 
pew. 

From   the  principles  thus  eftabliftied,    it  is  The 
evident  that  the  earth  moves  rpund  the  fun,  and  earth's 
not  the  fun  round  the  earth ;  for  the  centrifugal  ^^^^^^ 
law  will  never  allow  a  great  body  to  move  round  ftr^ei 
a  fmall  one  in  any  orbit  whatever ;  efpecially 
when  we  find  that  if  a  fmall  body  moves  round 
a  great  one,  the  great  one  mufl:  alfo  move  round 
the  common  center  of  gravity  between  them  two. 
And  it  is  well  known  that  the  quantity  of  matter 
in  the  fun  is  227000  times  as  great  as  the  quan- 
tity of  matter  in  the  earth.     Now,  as  the  fun's 
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diftance  from  the  earth  is  at  Icaft  8i,ooo,cxx)  of 
miles,  if  we  divide  that  diftance  by  227,060,  we 
fliall  have  only  357  for  the  number  of  miles  that 
the  center  of  gravity  between  the  fun  and  earth 
is  diftant  from  the  fun*s  center.  And  as  the 
fun's  femidiameter  is  ^  of  a  degree,  which,  at  (b 
great  a  diftance  as  that  of  the  fun,  muft  be  no 
lefs  than  38 1 500  miles,  if  this  be  divided  by  357, 
the  quotient  will  be  nearly  1069,  which  ftiews 
that  the  common  center  of  gravity  between  the* 
fun  and  earth  is  within  the  body  of  the  fun; 
and  is  only  the  1069  part  of  his  femidiameter 
from  his  center  toward  his  furface. 

All  globular  bodies,  whofe  parts  can  jrield, 
and  which  do  not  turn  on  their  axes,  muft  be 
perfeft  fpheres,  becaufe  all  parts  of  their  furfaces 
arc  equally  attrafted  toward  their  centers.  But 
all  fuch  globes  which  do  turn  on  their  axes  will 
be  oblate  fpheroidsj  that  is,  their  furfaces  will 
be  higher,  or  farther  fronn  the  center,  in  the  l 
equatorial  than  in  the  polar  regions.  For,  as/ 
the  equatorial  parts  move  quickeft,  they  muftf 
have  the  greateft  centrifugal  force;  and  will 
therefore  recede  fartheft  from  the  axis  of  mo- 
tion. Thus,  if  two  circular  hoops  AB  and 
Fig.  12.  C])^  made  thin  and  flexible,  and  crofling  one 
another  at  right  angles,  be  turned  round  their 
axis  EF  by  means  of  the  winch  w,  the  wheel  n^ 
and  pinion  Oy  and  the  axis  be  loofe  in  the  pole 
or  interfedlion  ^,  the  middle  parts  yf,  5,  C,  jD, 
will  fwell  out  fo  as  to  ftrike  againft  the  fides  of 
the  frame  at  F  and  G,  if  the  pole  <?,  in  finking 
to  the  pin  £,  be  not  ftopt  by  it  from  finking 
farther :  fo  that  the  whole  will  appear  of  an  oval 
figure,  the  equatorial  diameter  being  confider- 
ably  longer  than  the  polar.  That  our  earth  is 
of  this  figure,  is  demonftrable  from  adtual  mea- 
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furement  of  foiitie  degrees  on  its  furface,  which 
are  found  to  be  longer  in  the  frigid  zones  than 
in  the  torrid :  and  the  difference  is  found  to  be 
fuch  as  proves  the  earth's  equatorial  diameter  to 
be  36  miles  longer  than  its  axis. — Seeing  then, 
the  earth  is  higher  at  the  equator  than  at  the 
poles,  the  fea,  which  like  all  other  fluids  natu- 
rally runs  downward  (or  toward  the  places  which 
are  neareft  the  earth's  center)  would  run  toward 
the  polar  regions,  and  leave  the  equatorial  parts 
dry,  if  the  centrifugal  force  of  the  water,  which 
carried  it  to  thofe  parts,  and  fo  raifed  them,  did 
not  detain  and  keep  it  from  running  back  again 
toward,  the  poles  of  the  earth.  * 


L  E  C  T.    III. 

Of  the  mechanical  Powers. 

IF  we  confider  bodies  in  motion,  and  com-  The 
pare  them  together,  we  may  do  this  either  founda- 
with   refpeft  to  the  quantities  of  matter  they  '*°"^f  *1^ 
contain,  or  the  velocities  with  which  they  are  ^j^^ 
moved.     The  heavier  any  body  is,  the  greater 
is  tjie  power  required  either  to  move  it  or  to  flop 
its  motion :  and  again,  the  fwifter  it  moves,  the 
greater  is  its  fofce.     So  that  the  whole  momen- 
tum or  q'jantiry  of  force  of  a  moving  body  is  the 
refult  of  its  quantity  of  m.atter  multiplied  by  the 
velocity  with  which  it  is  moved.    And  when  the 
produfts  arifing  from  the  multiplication  of  the 
particular  quantities  of  matter  in  any  two  bodies 
by  their  refpedlive  velocities  are  equal,  the  mo- 
menta or  entire  forces  are  fo  too.     Thus,  fuu- 
pole  a  body,  which  we  fliall  call  yf,  to  weigh  40 
pounds,  and  tQ  move  at  the  rate  of  two  miles 

in 
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in  a.'niinute ;  and  another  body^  which  we  uiaH 
call  By  to  weigh  only  four  pounds,  and  to  movd 
20  miles  in  a  minute;  the  entire  forces  with 
which  thefe  two  bodies  would  ftr'.ke  againft  any 
obftacle  would  be  equal  to  each  other,  and  there- 
fore it  would  require  equal  powers  to  ftop  them.. 
For  40  multiplied  by  2  gives  80,  the  force  of 
the  body  A:  and  20  multiplied  by  4  gives  80, 
the  force  of  the  body  B. 

Upon  this  eafy  principle  depends  the  whole 
of   mechanics:    and   itVholds  univerfaUy  true, 
that  when  two  bodies  are   fufpended   on  any. 
machine,  fo  as  to  aft  contrary  to  each  other ;  if 
the  machine  be  put  into  motion,  and  the  per- 
pendicular afcent  of  one  body  multiplied  into 
its  weight,  be  equal  to  the  perpendicular  defcent 
of   the  other  body  multiplied  into  its  weighty 
thofc  bodies,  how  unequal  foever  in  their  weights^ 
will  balance  one  another  in  all  fituations:  for, 
as  the  whole  afcent  of  one  is  performed  in  the 
fame  time  with  the  whole  defcent  of  the  other,- 
their  refpeftive  velocities  muft  be  direftly  as  the 
fpaces  they  move  through;  and  the  excefs  of 
weight  in  one  body  is  compenfated  by  the  excels 
How  to    of  velocity  in  the  other. — Upon  this  principle  it 
compote  Js  eafy  to  compute  the  power  of  any  mechanical 
oitm^^  engine,  whether  fimple  or  compound ;  for  it  is 
mechani-  but  only  finding  how  much  fwifter  the  power 
calea-     moves  than  the  weight  does  (/.  e.  how  much 
*"^«*       farther  in  the  fame  time)  and  juft  fo  much  is  thef 
power  increafed  by  the  help  of  the  engine. 

In  the  theory  of  this  fcience,  we  fuppofe  all 

{)lanes  perfe6Uy  even,  all  bodies  perfeftly  fmooth, 
evers  to  have  no  weight,  cords  to  be  extremely 
pliable,  machines  to  have  no  friftion  j  and  in 
ihort^  all  imi>erfe£tions  muft  be  fet  afide  until 

the 
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the  theory  be  eftablifhed ;  and  then,  proper  al- 
Jowances  arc  to  be  made. 

The  fimple  machines,  ufijally  called  mechanical  The  me- 
fowersj  arc  fix  in  number,  viz.  the  lever,  the  <^**a°»c 
wheel  and  axle,  the  pulley,  the  inclined  plane,  the  ^^^ "' 
wedge,  and  thcT^^rra;.— They  are  called  mecha- 
nical powers,  becaufe  they  help  us  mechanically 
to  rafe  weighcs,  move  heavy  bodies,  and  over- 
come refiftances,  which  we  could  not  efFe£l  with- 
out diem. 

i»  A  lever  is  a^bar  of  iron  or  wood,  one  part  Theit* 
trf"  which  being  fupported  by  a  prop,  all  the  ^''•* 
<>thcr  parts  turn  upon  that  prop  as  their  center 
of  motion :    and  the  velocity  of  every  part  or 
point  is  dircftly  as.  its  diftance  from  the  prop. 
Therefore,^  when  the  weight  to  be  raifed  at  one 
fad  is  to  the  power  applied  to  the  other  to  raifc 
^}%    as  the  diftance  of  the  power  from  the  prop 
^  to  the  diftance  of  the  weight  from  the  prop, 
Ae   power  and  weight  will  exaftly  balance  or 
^^vinterpoife  each  other :  and  as  a  common  lever 
'l*^    next  to  no    fridtion  on  its   prop,    a  very 
little  additional  power  will  be  fufEcient  to  raifc 
^cr  weight. 

There  are  four  kinds  of  levers,      i.  The 
f^^^^riunon  fort,  where  the  prop  is  placed  between 
^^  weight  and  the  .power;  but  much  nearer  to 
^^  weight  than  to  the  power.     2.  When  the 
P'x^  is  at  one  end  of  the  lever,  the  power  at  the 
other,  and  the  weight  between  them.     3.  When 
^^^  prop  is  at  one  end,  the  weight  at  the  other, 
^nd  the  power  applied  between  them.     4.  The 
^nded  lever,  which  differs  only  in  form  from 
Ae  firft  fort,  but  not  in  property.     Thofe  of  the 
firft  and  fecond  kind  are  often  ufed  in  mechani- 
cal engines;  but  there  are  few  inftances  in  which 
^hc  third  fort  is  ufed. 

A  com-- 
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The  ba»       A  common  balance  is  by  ibme  reckoned  a  lcv«* 

laace.       of  the  hrft  kind ;  but  as  both  its  ends  arc  at  equal 

diftances  from  its  center  of  motion,  they  move 

with  equal  velocities  j  and  therefore,  as  it  gives 

no  mechanical  advantage,  it  cannot  properly  be 

reckoned  among  the  mechanical  powers. 

Plate  V.       A  iever  of  the  firft  kind  is  reprefented  by  the 

^'g-  \:     bar  ABCj  fupported  by  the  prop  D.     Its  prin- 

kind  of    ^*P^^  ^^^  ^^  ^^  loofen  large  ftones  in  the  ground^ 

lever.       ^^  ^aife  great  weights  to  fmall  heights,  in  order 

to  have  ropes  put  under  them  for  raifing  them 

higher  by  other  machines.     The  parts  AB  and 

B  C,  on  different  fides  of  the  prop  D,  are  called 

the  arms  of  the  lever :  the  end  A  of  the  fhorter 

arm  AB  being  applied  to  the  weight  intended 

to  be  raifed,  or  to  the  refiftance  to  be  overcome; 

and  the  power  applied  to  the  end  C  of  the  longer 

arm  BC. 

In  making  experiments  with  this  machine,  the 
fhorter  arm  AB  muft  be  as  much  thicker  than 
the  longer  arm  B  C,  as  will  be  fufHcient  to  ba- 
lance it  on  the  prop.  This  fuppofed,  let  P  rc- 
prefent  a  power,  whofe  gravity  is  equal  to  i 
ounce,  and  fV  a  weight,  whofe  gravity  is  equal 
to  12  ounces.  •  Then,  if  the  power  be  12  times 
as  far  from  the  prop  as  the  weight  is,  they  will 
cxaftly  counterpoife ;  and  a  fmall  addition  to 
the  power  P  will  cnufe  it  to  defcend,  and  raife 
the  weight  JV\  and  the  velocity  with  which  the 
power  defcends  will  be  to  the  velocity  with 
which  the  weight  rifes,  as  12  to  i  :  that  is, 
direftly  as  their  diftances  from  the  prop;  and 
confequendy,  as  the  fpaces  through  which  they 
move.  Hence,  it  is  plain,  that  a  man,  who  by 
his  natural  ftrength,  without  the  help  of  any 
machine,  could  fupport  a  hundred  weight,  wilf 
by  the  help  of  this  lever  be  enabled  to  fupport 

twelve 
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twelve  hundred.  If  the  weight  be  letky  or  the 
tower  greater,  the  prop  may  be  placed  fo  much 
farther  from  the  weight;  and  then  it  can  b^ 
ruled  to  a  ilnx>portionabl7  greater  height.  For, 
tnuyeriaUy,  if  the  intenuty  of  the  weight  mul- 
tipKtd  iiito  its  diftance  from  th?  j>rop  be  equal 
to  the  ihttofity  of  the  power  muldphed  into  its 
cfifiince .  fix>m  the  prop,  the  power  and  weight 
irin  aafily  balance  each  other ;  and  a  little  ad- 
&M  to  the  power  will  raife  the  weight.  Thus, 
ih  ite' prefent  inftance,  the  weight  ^  is  12 
ouiGes,  and  ifs  diftance  ^Om  the  prop  is  i  inch; 
tbd  il  multiplied  by  i  is  12 ;  die  power  P  is 
<qad  to  t  ounce,  and  its  diftance  froni  the  prop 
is  ti  mch&>  which  multiplied  by  i  is  12  again; 
and  therefore  there  is  an  equilibrium  between 
Acrrt.  So,  if  a  power  equal  to  2  ounces  be  ap- 
plied at  die  diftance  of  6  inches  from  the  prop. 
It  will  juft  balance  the  weight  /F;  for  6  multi- 
{died  by  2  is  1 2j  as^before.  And  a  power  equal 
to  3  ounces  placed  at  4  inches  diftance  from  the 
prop  would  be  the  lanie;  for  3  dmes  4  is  12; 
i      Wfo  on,  in  proportion. 

f        The  Jlaiera  or  Roman  fieelyari  is  a  lever  oiTUptt- 
\      tWs  Idnd,  and  is  ufed  for  finding  the  weights  of ^^''^* 

^Siflfercnt  bodies  by  one  fingle  weight  placed  at 

I      oiffcrcnt  diftances  from  the  prop  or  center  of 

*otion  D.    For,  if  a  fcale  hangs  at  Ay  the  ex- 

fteroity  of  the  Ihorter  arm  A  By  is  of  fuch 

*  weight  as  will  exaftly  counterpoife  the  longer 

j       *ftn  BC;  if  this  arm  be  divided  into  aS  many 

[      ^ual  jiarts  as  it  will  contain,  each  equal  to  AB^ 

Ae  firlglc  weight  P  (which  we  may  fuppofe  to 

^  I  pound)  will  ferve  for  weighing  any  thing 

^  heavy  as  itlclf,  or  as  many  times  heavier  as 

wre  are  divifions  in  the  arm  B  C,  or  any  quan- 

^ty  bctwfcen  its  own  weight  and  that  qiiantity* 

E  As 


54  Of  the  mechanical  Povoers^ 

As  for  example,  if  P  be  i  pounds  and  placed 
.  at  the  firft  divifion  i  in  the  arm  B  C,  it  will 
balance  i  pound  in  the  fcale  at  A\  if  it  be  re- 
moved to  the  fecond  divifion  at  2,  it  will  ba- 
lance 2  pounds  in  the  fcale :  if  to  the  third,  j 
pounds  J  and  fo  on  to  the  end  of  the  arm  B  C 
If  each  of  thefe  integral  divifions  be  fubdivided 
into  as  niany  equal  parts,  as  a  pound  contains 
ounces,  and  the  weight  P  be  placed  at  any  of 
thefe  fubdivifipns,  fo  as  to  counterpoife  what  b 
in  the  fcale,  the  pounds  and  odd  ounces  dierein 
will  by  that  means  be  afcertained. 

To  this  kind  of  lever  may  be  reduced  fcvc- 
ral  forts  of  inftruments,  fuch  as  fciflars,  pincers^ 
fnufFcrs  j  which  are  made  of  two  levers  afting 
contrary  to  one  another :  their  prop  or  center  of 
motion  being  the  pin  which  keeps  them  toge- 
ther. 

In  common  praftice,  the  longer  arm  of  this 
lever  greariy  exceeds  the  weight  of  the  fliorter : 
which  gains  great  advantage,  becaufe  it  adds  fo 
much  to  the  power. 
The  fc-        A  lever  of  the  fecond  kind  has  the  weight 
cond  kind  between  the  prop  and  the  power.     In  this,  as 
of  lever,   ^gjj  ^  ^^  former,  the  advantage  gained  is  as 
the  diftance  of  the  power  from  the  prop  to  the 
^iftance  of  the  weight  from  the  prop :  for  the 
refpeftive  velocities  of  the  power  and  weight  are 
in  that  proportion ;  and  they  will  balance  each 
other  when  the  intenfity  of  the  power  multi- 
plied by  its  diftance  from  the  prop  is  equal  to 
the  intenfity  of  the  weight  multiplied  by  its  dif- 
Fig.  2.     tance  from  the  prop.     Thus,  if  yf  5  be  a  lever 
on  which  the  weight  W  oi6  ounces  hangs  at  the 
diftance  of  i  inch  from  the  prep  G,  and  a  power 
P  equal  to  the  weight  of  i  ounce  hangs  at  the 
end  jB,   6  inches  from  the  prop,  by  tiie  cord 

CD 
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CD  going  over  the  fixed  pulley  jE,  the  power 
^ill  juft  fupport  the  weight :  and  a  fmall  addi- 
tion to  the  power  will  raife  the  weight,  i  inch 
ibr  every  6  inches  that  the  power  defcends. 

This  lever  (hews  the  reafon  why  two  men 

carrying  a  burden  upon  a  (lick  between  them, 

bear  unequal  fhares  of  the  burden  in  the  in- 

Tcrfe  proportion  of  their  diftances  from  it.     For 

it  is  well  known,  that  the  nearer  any  of  them  is 

to  the  burden,  the  greater  (hare  he  bears  of  it : 

and   if  he  goes   direftly  under  it,    he    bears 

the  whole.     So,  if  one  man  be  at  G,  and  the 

other  at  P,  having  the  pole  or  (lick  AB  reding 

on  their  (houlders ;  if  the  burden  or  weight  IV 

be  placed  five  times  as  near  the  man  at  G,  as  it 

is  to  the  man  at  P,  the  former  will  bear  five 

times  as  much  weight  as  the  latter.     This  is 

likcwife  applicable  to  the  cafe  of  two  horfcs  of 

tmcqual  drength  to  be  fo'  yoked,   as  that  each 

horfc  may  draw  a  part   proportionable  to   his 

ftrength ;  which  is  done  by  fo  dividing  the  beam 

Acy  pull,  that  the  point  of  traftion  may  be  as 

niuch  nearer  to  the  (Ironger  horfe  than  to  the 

leaker,  as  the  drength  of  the  former  exceeds 

that  of  the  latter. 

To  this  kind  of  lever  may  be  reduced  oars, 
fodders  of  (hips,  doors  turning  upon  hinges, 
^tting-knives  which  are  fixed  at  the  point  of 
Ae  blade,  and  the  like. 

If  in  this  lever  we  fuppofe  the  power  and  The  third 
^^ght  to  change  places,  lb  that  the  power  may  ^^^  ^^ 
oe  between  the  weight  and  the  prop,  it  will  be- 
come a  lever  of  the  third  kind  :  in  which,  that 
Acre  may  be  a  balance  between  the  power  and 
^hc  weight,  the  intenfity  of  the  power  mud  ex- 
^^d  the  intenfity  of  the  weight,  jiid  as  much 
^  the  didance  of  the  weight  from  the  prop  ex- 
E  2  ceeds 
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Fig.  3.  ceeds  the  dlftances  of  the  power  from  it.  ThuSt 
let  E  be  the  prop  of  the  lever  AB^  and  W  a 
v^eight  of  I  pounds  placed  3  times  as  far  from 
the  prop,  as  the  power  P  afts  at  F^  by  the 
•  cord  C  going  over  the  fixed  pulley  D ;  in  this 
cafe,  the  power  muft  be  equal  to  three  pounds^ 
in  order  to  fupport  the  weight. 

To  this  fort  of  lever  are  generally  referred 
the  bones  of  a  man's  arm :  for  when  we  lift  & 
weight  by  the  hand>  the  mufcle  that  exerts  ita 
force  to  raife  that  weight,  is  fixed  to  the  bone 
about  one  tenth  part  as  far  below  the  elbow  as 
the  hand  is.  And  the  elbow  being  the  center 
round  which  the  lower  part  of  the  arm  turns^ 
the  mufcle  muft  therefore  exert  a  force  ten  times 
as  great  as  the  weight  that  is  raifed. 

As  this  kind  of  lever  is  a  difadvantage  to  the 
moving  power,  it  is  never  ufed  but  in  cafes  rf 
neceffity ;  fuch  as  that  of  a  ladder,  which  being 
fixed  at  one  end,  is  by  the  ftrength  of  a  man's 
arms  reared  againft  a  wall.  And  in  clock-work, 
where  all  the  wheels  may  be  reckoned  levers  of 
this  kind,  becaufe  the  power  that  moves  every 
wheel,  except  the  firft,  afts  upon  it  near  the  cen- 
ter of  motion  by  means  of  a  fmall  pinion,  and 
the  refiftance  it  has  to  overcome,  afts  againft  the 
teeth  round  its  circumference. 
The  The  fourth  kind  of  lever  differs  nothing  from 

k*"d**  f  ^^  '^^^^  ^"^  ^^  being  bended  for  the  fake  of  con- 
lew-°  venience.  ACB  is  a  lever  of  this  fort,  bended 
Fig.  4.  at  C,  which  is  its  prop,  or  center  of  motion. 
P  is  a  power  afting  upon  the  longer  arm  AC  zt 
Fy  by  means  of  the  cord  D  E  going  over  the 
pulley  G ;  and  /?^is  a  weight  or  refiftance  afting 
upon  the  end  B  of  the  flioiter  arm  B  C.  If  the 
power  is  to  the  weight,  as  Ci?  is  to  C  Fj  they 
arc  $71  equilibrio.      Thus,  fuppofe  tV  to  be  5 

pounds 
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^unds  afting  at  the  diftance  of  one  foot  from 
the  center  of  motion  C,  and  P  to  be  i  pound 
ading  at  Fy  five  feet  from  the  center  Q  the 
power  and  weight  will  juft  balance  each  other. 
A  hannmer  when  ufed  in  drawihg  a  nail  is  a  lever 
of  this  fort. 

2.  The  fecond  mechanical  power  is  the  wheel  The 
mJ  axky  in  which  the  power  is  applied  to  the  'wheel and 
circumference  of  the  wheel,  and  the  weight  is  **^'* 
raifed  by  a  rope  which  coils  about  the  axle  as  the 
wheel  is  turned  round.     Here  it  is  plain  that 
the  velocity  of  the  power  muft  be  to  the  velocity 
of  the  weight,  as  the  circumference  of  the  wheel 
is  to  the  circumference  of  the  axle :  and  confc- 
qucntly,  the  power  and  weight  will  balance  each 
other,  when  the  intenfity  of  the  power  is  to  the 
intcnfity  of  the  weight,  as  the  circumference  of 
.the  axle  is  to  the  circumference  of  the  wheel. 
Let  AB  be  a  wheel,  CD  its  axle,  and  fuppofeFig.  5, 
the  circumference  of  the  wheel  to  be  8  times  as 
great  as  the  circumference  of  the  axle ;  then,  a 
power  P  equal  to  i  pound  hanging  by  the  cord 
/i  which  goes  round  the  wheel,  will  balance  a 
^ight  ^  of  8  pounds  hanging  by  the  rope  K^ 
^hich  goes  round  the  axle.     And  as  the  fric- 
tion on  the  pivets  or  gudgeons  of  the  axle  is 
but  fmall,  a  fmall  addition  to  the  power  will 
<^ufc  it  to  defcend,  and  raife  the  weight :   but 
Ac  weight  will  rife  with  only  an  eighth  part  of 
Ac  velocity  wherewith  the  power  defcends,  and 
confequently,  though  no  more  than  an  eighth 
psrt  of  an  equal  fpace,  in  the  fame  time.     If  the 
^hecl  be  pulled  round  by  the  handles  »?,  c9,  the 
power  will  be  increafed  in  proportion  to  their 
*^ngth.     And  by  this  means,  any  weight  may 
9c  raifed  as  high  as  the  operator  plcafes. 

E  3  To 
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To  this  fort  of  engine  belong  all  cranes  (oc 
railing  great  weights;  and  in  this  cafe»  the 
wheel  may  have  cogs  all  round  it  inftead  of  hftn* 
dks,  and  a  fmall  lantern  or  trundle  may  be  made 
to  work  in  the  cogs,  and  be  turned  by  a  winch ; 
which  will  make  the  power  of  the  engine  to  ex- 
ceed the  power  of  the  man  who  works  it,  as 
much  as  the  number  of  revolutions  of  the  winc^ 
ifxceed  thofe  of  the  axle  D,  when  multiplied 
by  the  excefs  of  the  length  of  the  winch  above 
the  length  of  the  femidiameter  of  the  axle, 
added  to  the  femidiameter  or  half  thicknefs  of 
the  rope  K,  by  which  the  weight'  is  drawn  up.— ^ 
Thus,  fuppofe  the  diameter  of  the  rope  and 
axle  taken  together,  to  be  13  inches,  and  confe- 
quently,  half  their  diameters  to  be  6|  inches;  fo 
that  the  weight  ^  will  hang  at  6|  inches  per- 
pendicular diftance  from  below  the  center  (rf 
the  axle.  Now,  let  us  fuppofe  the  wheel  jiB^ 
which  is  fixt  on  the  axle,  to  have  80  cogs,  and 
to  be  turned  by  means  of  a  winch  6  J  inches 
long,  fixt  on  the  axis  of  a  trundle  of  8  ftaves  ot 
rounds,  working  in  the  cogs  of  the  wheel.— 
Here  it  is  plain,  that  the  winch  and  trundle 
would  make  10  revolutions  for  one  of  the  wheel 
jiBy  and  its  axis  D,  on  which  the  rope  K  winds 
in  raifing  the  weight  PF;  and  the  winch  being 
no  longer  than  the  fum  of  the  femidiameters  of 
the  great  axle  and  rope,  the  trundle  could  have 
no  more  power  on  the  wiieel,  than  a  man  could 
have  by  puUing  it  round  by  the  edge,  becauie 
the  winch  would  have  no  greater  velocity  than 
the  edge  of  the  wheel  has,  which  we  here  fup^ 
pofe  to  be  ten  times  as  great  as  the  velocity  of 
the  rifing  weight:  fo  that,  in  this  cafe,  the 
power  gained  would  be  as  10  to  i.  But  if  the 
length  of  the  winch  be    13  inches^  tlie  power 

gained 
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gdncd  will  be  as  20  to  i :  if  ipf  inches  (which 
K  long  enough  for  any  man  to  work  by)  the 
power  gained  would  b^  as  30  to  i ;  that  is,  a 
man  could  raife  30  times  as  much  by  fuch  an 
imgine,  as  he  could  do  by  his  natural  ftrength 
wirfiout  it,  becaufe  the  velocity  of  the  handle  of 
the  winch  would  be  30  times  as  great  as  the  ve- 
locity of  the  rifing  weight  \  the  abfolute  force 
jof  any  engine  being  in  proportion  of  the  velocity 
of  the  power  to  the  velocity  of  the  weight  raifed 
by  it.-r-But  then,  juft  as  much  power  or  advan>^ 
fage  as  is  gained  by  the  engine,  fo  much  time  is 
loft  in  working  it.  In  this  fort  of  machines  it  is 
rcquifite  to  have  a  ratchet-wheel  G  on  one  end 
of  the  axle,  with  a  catch  H  to  fall  into  its  teeth  \ 
which  will  at  any  time  fupport  the  weight,  and 
keep  it  from  defcending,  if  the  perfon  who  turns 
jthe  handle  ftiould,  through  inadvertency  or  care- 
|eflhe(s,  quit  his  hold  while  the  weight  is  raifing. 
And  by  this  means,  the  danger  is  prevented  which 
rnight  otherwife  happen  by  the  running  down  of 
fhe  weight  when  left  at  liberty. 

3.  The  third  mechanical  power  or  engine  con-  The  W- 
(ifts  either  of  one  moveable  pulley ^  or  a  fyftem  of  ley. 
tuUeysi  fome  in  a  block  or  cafe  which  is  fixed, 
and  others  in  a  block  which  is  moveable,  and 
rifes  with  the  weight.  For  though  a  (ingle 
pulley  that  only  turns  on  its  axis,  ajid  moves  not 
put  of  its  pl^ce,  may  ferve  to  change  the  di- 
reftion  of  the  power,  yet  it  can  give  no  mecha- 
nical advantage  thereto  j  but  is  only  as  the  beam 
of  a  balance,  whofe  arms  are  of  equal  length  and 
weight.  Thus,  if  the  equal  weights  fV  and  P  Fig.  6. 
hang  by  the  cord  B  B  upon  the  pulley  yi,  whofe 
frame  b  is  fixed  to  the  beam  Hly  they  will  coun- 
terpoife  each  other,  juft  in  the  fame  manner  as 
if  die  cord  were  cut  in  the  middle,  and  its  two 
E  4  ends 


58  Of  the  mecbmkd  Timers. 

ends  hung  upon  the  hopks  fixt  in  the  pulley  ^t 
A  and  A^  equally  diftant  from  its  center. 

But  if  a  weight  W  hangs  at  the  lower  end  of 
the  moveable  block  f  of  the  pulley  D,  and  the 
cord  G  F  goes  under  that  pulley,  it  is  plain  that 
the  half  G  of  the  cord  bears  one  half  of  the 
weight  TVj  aiid  the  half  F  the  other ;  for  they 
bear  the  whole  between  them.  Therefore, 
whatever  holds  the  upper  end  of  either  rope, 
fuftains  one  half  of  the  weight :  and  if  the  cord 
at  F  be  drawn  up  fo  as  to  raife  the  pulley  D  to  C, 
the  cord  will  then  be  extended  to  its  whole 
length,  all  but  that  part  which  goes  under  the 
pulley :  and  confequently  the  power  that  draws 
the  cord  will  have  moved  twice  as  far  as  the 
pulley  D  .with  its  weight  IV  rifes;  on  which 
account,  a  power  whofe  intenfity  is  equal  to  one 
half  of  the  weight  will  be  able  to  fupport  it, 
becaufe  if  the  power  moves  (by  means  of  a  fmall 
addition)  its  velocity  will  be  double  the  velocity 
of  the  weight ;  as  may  be  feen  by  putting  the 
cord  over  the  fixe  pulley  C  (which  only  changes 
the  cjireftion  of  the  power,  without  giving  any 
adyaritage  to  it)  and  hanging  on  the  weight  P^ 
which  is  equal  only  to  one  half  the  weight  fVi 
in  whicfi  cafe  there  will  be  an  equilibrium,  and  a 
little  addition  to  P  will  caufe  it  to  defcend,  and 
raife  ^through  a  fpace  equal  to  one  half  of  that 
through  which  T  dcfccnds. — Hence,  the  advan- 
tage gained  will  be  always  equal  to  tv/ice  the 
number  of  pulleys  in  the  moveable  or  undermoft 
block.  So  that,  when  the  upper  or  fixt  block 
u  contains  two  pulleys,  which  only  turn  on  their 
axis,  and  the  lower  or  moveable  block  U  con- 
tains two  pulleys,  which  not  only  turn  upon  their 
axis,  but  alfo  rife  with  the  block  and  weight ; 
the  advantage  gained  by  this  is  as   4  to   the 
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worldng  power.  Thus,  if  one  end  of  the  rope 
^ilf  O^  be  fixed  to  a  hook  at  /,  and  the  rope 
paffes  over  the  pulleys  N  and  i2,  and  under  the 
pulleys  L  and  P,  and  has  a  weight  7*,  of  one 
pound,  hung  to  its  other  end  at  7',  this  weight 
will  balance  and  fupport  a  weight  IV  of  four 
pounds  hanging  by  a  hook  at  the  moveable 
block  Uy  allowing  the  faid  block  as  a  part  of  the 
weight.  And  if  as  much  more  power  be  added, 
as  is  fuiEcient  to  overcome  the  friftion  of  the 
pulleys,  the  power  will  defcend  with  four  times 
as  much  velocity  as  the  weight  rifes,  and  confe- 
quently  through  four  times  as  much  fpace. 

The  two  pulleys  in  the  fixed  block  JV,  and 
the  two  in  the  moveable  block  T^  are  in  the 
fame  cafe  with  thofe  laft  mentioned  y  and  thofe 
'n  the  lower  block  give  the  fame  advantage  to 
^he  power. 

As  a  fyftem  of  pulleys  has  no  great  weight, 
^^d  lies  in  a  fmall  compafs,  it  is  eafily  carried 
^t>out;  and  can  be  applied,  in  a  great  many 
Pafcs,  for  raifing  weights,  where  other  engines 
^^not.  But  they  have  a  great  deal  of  fridlion 
^^  three  accounts :  i .  Becaufe  the  diameters  of 
fheir  axes  bear  a  very  confiderable  proportion  to 
^"^ir  own  diameters;  2.  Becaufe  in  working 
^hey  are  apt  to  rub  againft  one  another,  or  againft 
^^  fides  of  the  block;  3.  Becaufe  of  the  ftifFneis 
^*  the  rope  that  goes  over  and  under  them.^ 

^  4.  The  fourth  mechanical  power  is  the  in-  The  /«- 
^^i^ed  flanCy  and  the  advantage  gained  by  it  is^^^^ 
^  ^great  as  its  length  exceeds  its  perpendicular 
*^^5ght.     Let  ^  JS  be  a  plane  parallel  to  the  hori-  Plat.  VI. 
^u^^*  and  CD  a  plane  inclined  to  it;  and  fuppofe  ^'g*  *• 
^*^^  whole  length  CD  to  be  three  times  as  great 
^  the  perpendicular  height  GfF:  in  this  cafe, 
^^  cylinder  E  will  be  fupported  upon  the  plane 

CD, 
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CDi  and  kept  from  rolling  down  upon  i^  hy 
a  power  equal  to  a  third  part  of  the  weight  of 
the  cylinder.  Therefore^  a  weight  may  be  rolled 
up  this  inclined  plane  with  a  third  part  of  the 
power  which  would  be  fulficient  to  draw  it  up  by 
the  fide  of  an  upright  wall.  If  the  plane  was 
four  times  as  long  as  high^  a  fourth  part  of  the 
power  would  be  fufficient ;  and  ib  on,  in  pro- 
portion. Or,  if  a  weight  was  to  be  raifed  from  a 
floor  to  the  height  G  Fy  by  means  of  the  machine 
jiBCDy  (which  would  then  aft  as  a  half  wedge^ 
where  the  rcfift^nce  gives  way  only  on  one  fide) 
the  machine  and  weight  would  be  in  eqttilibrio  when 
the  power  applied  2it  GF  was  to  the  weight  to 
be  raifed,  as  GF  to  G B ;  and  if  the  power  be 
increafed,  fo  as  to  overcome  the  friftion  of  the 
machine  againft  the  floor  and  weight,  the  machine 
will  be  driven,  and  the  weight  raifed :  and  when 
the  machine  has  moved  its  whole  length  upon 
.  the  floor,  the  weight  will  be  raifed  to  the  whole 
heiglit  from  G  to  F. 

The  force  wherewith  a  rolling  body  defcends 
upon  an  inclined  plane,  is  to  the  force  of  its  ab* 
folute  gravity,  by  which  it  would  defcend  per- 
pendicularly in  a  free  fpace,  as  the  height  of 
the  plane  is  to  its  length.     For,  fuppofe  the  plane 

Fig.  2.  ABto  be  parallel  to  the  horizon,  the  cylinder  C 
will  keep  at  reft  upon  any  part  of  the  plane 
where  it  is  laid.     If  the  plane  be  fo  elevated, 

Kg.  3*  that  its  perpendicular  height  D  is  equal  to  half 
its  length  AB^  the  cylinder  will  roll  down  upon 
the  plane  with  a  force  equal  to  half  its  weight  \ 
for  it  would  require  a  power  (afting  in  the  di- 
reftion  of  A  B)  equal  to  half  its  weight,  to  keep 

l^ig»4*  it  from  rolling.  If  the  plane  AB  be  elevated, 
fo  as  to  be  perpendicular  to  the  horizop,  the  cy- 
linder C  will  defcend  with  its  whole  force  of 

gravity. 
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^nmtfj  bccaufe  the  jdanc  contributes  nothing 
to  its  fupport  or  hindrance;  and  therefore,  it 
IMTOuld  require  a  power  equal  to  its  whole  weight 
to  keep  it  from  defcending. 

JLet  die  cylinder  C  be  made  to  turn  upon  Fig.  5. 
0ender  pivots  in  the  frame  D,  in  which  there  is 
a  hook  e^  with  a  line  G  tied  to  it :  let  this  line  go 
Qvcr  the  fixed  pulley  H,  and  have  its  other  end 
tied  to  the  hook  in  the  weight  /.  If  the  weight 
of  the  body  /,  be  to  the  weight  of  the  cylinder 
C^  added  to  that  of  its  frame  D,  as  the  perpen- 
dicular height  of  the  plane  L  Af  is  to  its  length 
ABy  the  weight  will  juft  fupport  the  cylinder 
iipon  the  plane,  and  a  fmall  touch  of  a  finger 
will  either  caufe  it  to  afcend  or  defccnd  with 
equal  eafe :  then,  if  a  little  addition  be  made  to  ' 
the  weight  /,  it  will  defcend,  and  draw  the  cylin- 
der up  the  plane.  In  the  time  that  the  cylinder 
moves  from  A  to  i5,  it  will  rife  through  the 
whole  height  of  the  plane  ML;  and  the  weight 
win  defcend  from  H  to  Kj  through  a  fpace  equal 
to  the  whole  length  of  the  plane  AB. 

If  the  machine  be  made  to  move  upon  rollers 
or  fridtion-wheels,  and  the  cylinder  be  fupported 
upon  the  plane  C5  by  a  line  G  parallel  to  the 
l^ane^  a  power  fomewhat  lefs  than  that  which 
drew  the  cylinder  up  the  plane  will  draw  the 
plane  under  the  cylinder,  provided  the  pivots  of 
the  axes  of  the  fricbion-wheels  be  fmall,  and  the 
wheels  themfelves  be  pretty  large.  For,  let  the 
machine  ABC  (equal  in  length  and  height  to  Fig.  6. 
ABMy  Fig.  5.)  move  upon  four  wheels,  two 
whereof  appear  at  D  and  Ei  and  the  third 
under  C,  while  the  fourth  is  hid  from  fight  by 
the  horizontal  board  a.  Let  the  cylinder  F  be 
laid  upon  the  lower  end  of  the  inclined  plane 
C.B,  and  the  line  G  be  extended  from  the  frame 
i)f  the  cylinder,  about  fix  feet  parallel  to  the 
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plane  C  B ;  and,  in  that  diredipn,  fixed  to  a  hoolc 
in  the  wall ;  which  will  fupport  the  cylinderj  and 
keep  i:  from  rolling  oflf  the  plane.  Let  one  end 
of  the  line  H  be  tied  to  a  hook  at  C  in  the  mzr^ 
chine,  and  the  other  end  to  a  weight  X,  fbme* 
what  lefs  than  that  which  drew  the  cylinder  up 
the  plane  before.  If  this  line  be  put  over  the 
fixed  pulley  /,  the  weight  K  will  draw  the  ma- 
chine along,  the  horizont'i  plane  L,  and  under 
the  cylinder  Fv  and  when  the  machine  has  been 
drawn  a  lirde  more  than  chc  whole  length  Cyf^ 
the  cylinder  will  be  r^^ifed  to  rf,  equal  to  the  per- 
pendicular height  A  B  above  the  horizontal  part 
at  A.  The  reafon  why  the  machine  muft  be 
drawn  further  than  the  whole  length  CA  is,  be- 
caufe  the  weight  F  rifcs  perpendicular  to  C  B. 

To  the   inclined  plane  may    be  reduced  all 
hatchets,  chifcls,  and  other  edge-tools  which  arc 
chamfered  only  on  one  fide. 
The  (f.  The  fifth  mechanical  power  or  machine  is 

^eagi.  ^^  wedgCi  which  may  be  confidered  as  two 
equally  inclined  planes  DEF ^ni\  CEFy  joined 
Fig.  8.  together  at  their  bafes  e  EFO:  then  1)  C  is  the 
whole  thicknefs  of  the  wedge  at  its  back  yiBCD, 
where  the  power  is  applied:  EF  \s  the  depth  or 
heighth  of  the  wedge :  D  F  the  length  of  one  of 
its  fides,  equal  to  CF  the  length  of  the  other 
fide ;  and  O  F  is  its  (harp  edge,  which  is  entered 
into  the  wood  intended  to  be  fplit  by  the  force  of 
a  hammer  or  mallet  ftriking  perpendicularly  on 
its  back.  Thus  ^£^  is  a  wedge  driven  into 
the  cleft  CDEof  the  wood  F  G. 

When  the  wood  does  not  cleave  at  any  dif- 
tance  before  the  wedge,  there  will  be  an  equili- 
brium between  the  power  impelling  the  wedge 
downward,  and  the  refiftance  cf  the  v/ood  add- 
ing againll  the  two  fides  of  the  wedge  when  the 
power  is  to  the  refiftance,  as  half  the  thickncis 

of 
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^f  the  wedge  at  its  back  is  to  the  length  of  either 
of  its  fides ;  becaufe  the  refiftance  then  a£h  per* 
pendicular  to  the  fides  of  the  wedge.  But,  when 
the  refift^ce  on  each  fide  a6bs  parallel  to  the 
back,  the  power  that  balances  the  rcfiftances  on 
both  fides  will  be  as  the  length  of  the  whole 
back  of  the  wedge  is  to  double  its  perpendicular 
height. 

When  the  wood  cleaves  at  any  diftance  before 
the  wedge  (as  it  generally  does)  the  power  im- 
pelling the  wedge  will  not  be  to  the  refiftance  of 
the  wood,  as  the  length  of  the  back  of  the  wedge 
is  to  the  length  of  both  its  fides ;  but  as  half 
the  length  of  the  back  is  to  the  length  of  either 
fide  of  the  cleft,  eftimated  from  the  top  or  afting 
part  of  the  wedge.  For,  if  we  fuppofe  the  wedge 
to  be  lengthened  down  from  ^  to  the  bottom  of 
the  cleft  at  £,  the  fame  proportion  will  hold; 
namely,  that  the  power  will  be  to  the  refiftcocc, 
as  half  the  length  of  the  back  of  the  wedge  is  to 
*thc  length  of  either  of  its  fides:  or,  which 
amounts  to  the  fame  thing,  as  the  whole  length 
of  the  back  is  to  the  length  of  both  the  fides. 

In  order  to  prove  what  is  here  advanced  con- 
cerning the  wedge,  let  us  fuppofe  the  wedge  to 
be  divided  length  wife  into  two  equal  parts;  and 
then  it  will  become  two  equal  inclined  planes ; 
one  of  which,  zs  abc,  may  be  made  ufe  of  as  a  Fig.  7. 
half  wedge  for  feparating  the  moulding  c  d  from 
the  wainfcot  AB.  It  is  evident,  that  when  this 
half  wedge  has  been  driven  its  whole  length  a  c 
between  the  wainfcot  and  moulding,  its  fide  a  c 
will  be  at  e  d\  and  the  moulding  will  be  fepa- 
rated  to  fg  from  the  wainfcot.  Now,  from  what 
has  been  already  proved  of  the  inclined  plane^  it 
appears,  that  to  have  an  equilibrium  between  the 
power  impelling  the  half  wedge,  and  the  refift- 
ance of  the  moulding,  the  former  muft  be  to  the 

latter. 
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latter>  2i%aito  ac\  that  is,  as  the  thickudsof  die 
back  which  receives  the  ftrokc  is  to  the  length 
of  the  fide  againd:  which  the  moulding  ads« 
Therefore,  fince  the  power  upon  the  half  wedge 
is  to  the  refinance  againft  its  fide,  as  the  half 
back  tf  ^  is  to  the  whole  fide  a  r,  it  is  plain,  that 
the  power  upon  which  the  whole  wedge  (where 
the  whole  back  is  double  the  half  back)  muft  be 
to  the  refiftance  againft  both  its  fides^  as  the 
thicknefs  of  the  whole  back  is  to  the  length  of 
both  the  fides;  fuppofing  the  wedge  at  the.boc- 
tom  of  the  cleft :  or  as  the  thicknefs  of  the  whole 
back  to  the  length  of  both  fides  of  the  cleft, 
when  the  wood  ^lits  at  any  diftance  before  the 
wedge.  For,  when  the  wedge  is  driven  quite 
into  the  wood,  and  the  wood  fplits  at  ever  fo 
fmall  a  diftance  before  its  edge,  the  top  of  the 
wedge  then  becomes  the  acting  part,  becaufe  thic 
wood  does  not  touch  it  any  where  elfe.  And 
fince  the  bottom  of  th^  cleft  rnuR  be  confidercd 
as  that  part  where  the  whole  ftickage  or  refiftance 
is  accumulated,  it  is  plain,  from  the  nature  of 
the  lever,  that  the  farther  the  power  afts  from 
the  refiftance,  the  greater  is  the  advantage. 

Some  writers  have  advanced,  that  the  power 
of  the  wedge  is  to  the  refiftance  to  be  overcome, 
as  the  thicknefs  of  the  back  of  the  wedge  is  to 
the  length  only  of  one  of  its  fides ;  which  feems 
very  ftrange :  for,  if  we  fuppofe  >^  5  to  be  a 
ftrong  inflexible  bar  of  wood  or  iron  fixt  into  the 
Fig.  la.  ground  at  C  5,  and  D  and  E  to  be  two  blocks  of 
marble  lying  on  the  ground  on  oppofite  fides  of 
the  bar;  it  is  evident  that  the  block  D  may  be 
feparated  from  the  bar  to  the  diftance  dy  equal  to 
a  by  by  driving  the  inclined  plane  or  half  wedge 
abo  down  between  them  ;  and  the  block  E  may 
be  feparated  to  an  equal  diftance  on  the  other 
fide,  in  like  manner,  by  the  half  wedge  cdo. 
4  But 


Of  the  mechanical  Powers.  ^5 

But  the  power  impelling  each  half  wedge  will  be 
to  the  refiftance  of  the  block  againfl  its  fide,  as 
the.thicknefs  of  that  half  wedge  is  to  its  perpen- 
dicular height,  becaufe  the  block  will  be  driven 
off  perpendicular  to  the  fide  of  the  bar  AB. 
Therefore  the  power  to  drive  both  the  half 
Wedges  is  to  both  the  refiftances,  as  both  the 
half  oacks  is  to  the  perpendicular  height  of  each 
half  wedge.  And  if  the  bar  be  taken  away,  the 
blocks  put  clofe  together,  and  the  two  half 
wedges  joined  to  nfi^e  one ;  it  will  require  as 
much  force  to  drive  it  down  between  the  blocks, 
as  is  equal  to  the  fum  of  the  feparate  powers 
afting  upon  the  half  wedges  when  the  bar  was 
between  them. 

To  confirm  this  by  an  experiment,  let  two  Fig.  \u 
cylinders,  z&  AB  and  CDj  be  drawn  toward  one 
another  by  lines  running  over  fixed  pulleys,  and 
a  weight  of  40  ounces  hanging,  at  the  lines  be- 
k)n^ng  to  each  cvlfnder :  and  let  a  wedge  of 
40  ounces  weight,  naving  i(s  back  juft  as  thick  as 
either  of  its  fides  is  long,  be  put  between  the 
cylinders,  which  will  then  aft  againft  each  fide 
with  a  refiftance  equal  to  40  ounces,  while  its 
own  weight  endeavours  to  bring  it  down  and 
feparate  them.  And  here,  the  power  of  the 
wedge's  gravity  impelling  it  downward,  will  be 
to  the  refiftance  of  both  the  cylinders  againft  the 
wedge,  as  the  thicknefs  of  the  wedge  is  to  double 
its  perpendicular  height;  for  there  will  then  be 
^n  equilibrium  between  the  weight  of  the  wedge 
itod  the  refiftance  of  the  cylinders  ap^ainft  it,  and 
it  will  remain  at  any  height  bttv/cen  chem ;  re- 
cjuiring  juft  as  much  power  to  pufh  it  upward 
^s  to  pull  it  downward.— If  another  wedge  of 
^qual  weight  arid  depth  with  this,  and  only  half 
5is  thick,  be  put  between  the  cylinders,  it  will 
^^quire  twice  as  much  weight  to  be  hung  at  the; 

ends 
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ends  of  the  lines  which  draw  them  together,  td 
keep  the  wedge  from  going  down  between  them. 
That  is,  a  wedge  of  40  ounces,  whofe  back  is 
only  equal  to  half  its  perpendicular  height,  will 
require  80  ounces  to  each  cylinder,  to  keep  it  in 
an  equilibrium  between  them :  and  twice  80  Is 
160,  equal  to  four  times  40.  So  that  the  power 
will  be  always  to  the  refiilance,  as  the  thicknefi 
•f  the  back  of  the  wedge  is  to  twice  its  perpen- 
dicular height,  when  the  cylinders  move  off  in 
a  line  at  right  angles  to  that  perpendicular. 
The  beft  way,  though  perhaps  not  the  neatefty 
.  that  I  know  of,  for  making  a  wedge  with  its 
appurtenances  for  fuch  experiments,  is  as  fbl-* 
Fig-  «!•  lows.  Let  KILM  and  LMNO  be  two  flat 
pieces  of  wood,  each  about  fifteen  inches  long 
and  three  or  four  in  breadth,  joined  together  by 
a  hinge  at  L  M;  and  let  P  be  a  graduated  arch 
of  brafs,  on  which  the  faid^pleces  of  wood  may 
be  opened  to  any  angle  not  more  than  60  degrees, 
and  then  fixt  at  the  given  angle  by  means  of 
the  two  fcrews  a  and  b.  Then,  IK  NO  will 
reprefent  the  back  of  the  wedge,  L  M  its  fharp 
edge  which  enters  the  wood,  and  the  outfides  of 
the  pieces  KILM  and  LMNO  the  two  fides  of 
the  wedge  agai^ft  which  the  wood  adls  in  cleav- 
ing. By  means  of  the  faid  arch,  the  wedge  may 
be  opened  fo,  as  to  adjuft  the  thicknefs  of  its 
back  in  any  proportion  to  the  length  of  either  of 
Its  fides,  but  not  to  exceed  that  length :  and  any* 
weight  as  p  may  be  hung  to  the  wedge  upon  the 
book  ikf,  which  weight,  together  with  the  weight 
of  the  wedge  itfelf,  may  be  confidered  as  the 
impelling  power ;  which  is  all  the  fame  in  the  ex- 
periment, whether  it  be  laid  upon  the  back  of 
the  wedge  to  pufli  it  down,  or  hung  to  its  edge  to 
pull  it  down. — Let  AB  and  CD  be  two  woodert 
(flinders,   each  about'  two  inches  thickj  where* 

they 
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they  touch  the  outCdes  of  the  wedge  j  and  let 
their  ends  be  made  like  two  rouad  flat  plates,  to 
keep  the  wedge  from  flipping  off  edgewife  from 
between  them.  Let  a  (mall  cord  with  a  loop  on 
one  end  of  it,  go  over  a  pivot  in  the  end  of  each 
cylinder,  and  the  cords  S  and  7*  belonging  to  the 
cylinder /?iB  go  over  the  fixt  pulleys  ^and  X^  and 
be  fattened  at  their  other  ends  to  the  bar  w  Xy  oa 
which  any  weight  as  Z  may  be  hung  at  pleafure. 
In  like  manner,  let  the  cords  ^  and  R  belonging 
to  the  cylinder  CD  go  over  the  fixt  pulleys  V  and 
1/ CO  the  bar  ^  ir,"  on  which  a  weight  T  equal  to  Z 
may  be  hung.  Thefe  weights,  by  drawing  the  cy- 
linders toward  one  another,  may  be  confidered  as 
the  rcfiftance  of  the  wood  afting  equally  againft 
oppoGte  fides  of  the  wedge;  the  cylinders  them- 
felves  being  fufpended  near,  and  parallel  to  each 
other,  by  their  pivots  in  loops  on  the  lines 
^P^G/Hi  which  lines  maybe  fixed  to  hooks  in 
Ac  deling  of  the  room.  The  longer  thefe  lines 
are,  the  better;  and  they  ftiould  never  be  lefs  than 
four  feet  each.  The  farther  alfo  the  pulleys 
KUzniXj  ^  arc  from  the  cylinders,  the  truer 
^1  the  experiments  be :  and  they  may  turn 
^pon  pins  fixed  into  the  wall. 

In  this  machine,  the  weights  T  and  Z,  and  the 
>wightp,  may  be  varied  at  pleafure,  fo  as  to  be 
^juftcd  in  proportion  of  double  the  wedge's  per- 
pendicular height  to  the  thicknefs  of  its  back : 
and  when  they  are  fo  adjufted,  the  wedge  will  be 
w  equHitrio  with  the  refiftance  of  the  cylinders. 

The  wedge  is  a  very  great  mechanical  power, 
fince  not  only  wood  but  even  rocks  can  be  fplic 
hyit;  which  would  be  impoQible  to  effeft  by  the 
kver,  wheel  and  axle,  or  pulley :  for  the  force 
of  the  blow,  or  fljoke,  fliakes  the  cohering  parts, 
and  thereby  makes  them  feparatc  more  eafily. 
F  6.  The 
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The  6.  The  fixth  and  laft  mechanical  power  is  the 

/crew.  Jcre^it)  j  which  cannot  properly  be  called  a  fimpk 
machine,  becaufe  it  is  never  ufed  without  the 
application  of  a  lever  or  ^inch  to  aflift  in  turn- 
ing it :  and  then  it  becomes  a  compound  cngim 
of  a  very  great  force  either  in  preffine  the  parts 
of  bodies  clofer  together,  or  in  railing  grcai 
weights.  It  may  be  conceived  to  be  made  bj 
Fig.  12,  cutting  a  piece  of  paper -/fJS  C  (Fig.  12.)  int« 
'^'  the  form  of  an  inclined  plane  or  haltwedgc,  anc 
then  wrapping  it  round  a  cylinder  AB  (Fig.  13) 
And  here  it  is  evident,  that  the  winch  £  muf 
turn  the  cylinder  once  round  before  the  weish 
of  refiftance  T>  can  be  moved  from  one  Ipira 
winding  to  another,  as  from  ^  tor:  therefore 
as  much  as  the  circumference  of  a  circle,  de 
fcribed  by  the  hancfle  of  the  winch,  is  greate 
than  the  interval  or  diftance  between  the  fpirals,  fi 
much  is  the  force  of  the  fcnew.  Thus,  fuppofin( 
the  diftance  between  the  fpirals  to  be  half  an  inch 
and  the  length  of  the  winch  to  be  twelve  inches 
the  circle  defcribed  by  the  handle  of  the  wind 
where  the  power  afts  will  be  76  iilches  nearly,  o 
about  1 52  half  inches,  and  confequently  152  time 
as  great  as  the  diftance  between  the  fpirals :  an( 
therefore  a  power  ar  the  handle,  whofe  intenlir 
is  equal  to  no  more  than  a  fingle  pound,  will  ba 
lance  152  pounds  afting  againft  the  fcrewj  ani 
as  much  additional  force,  as  is  fufficient  to  over 
come  the  friftion,  will  raife  the  152  pounds ;  am 
the  velocity  of  the  power  will  be  to  the  velocit 
of  the  weight,  as  152  to  i.  Hence  it  appean 
that  the  longer  the  winch  is,  and  the  nearer  th 
fpirals  are  to  one  another,  fo  much  the  greater  i 
the  force  of  the  fcrcw. 

A  machine  for  ftiewing  the  force  or  power  c 
the  fcrew  may  be  contrived  in  the  foUowini 

manner 
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ttianner :  Let  the  wheel  C  have  a  fcrew  a  If  on  Fig.  14. 
its  axle,  working  in  the  teeth  of  the  wheel  D, 
which  fuppofe  to  be  48  in  number.  It  is  plain^ 
diat  for  every  time  the  wheel  C  and  fcrew  tf  ^  are 
turned  round  by  the  winch  yf»  the  wheel  D  will 
be  moved  one  tooth  by  the  fcrew ;  and  there- 
fore, in  48  revolutions  of  the  winch,  the  wheel 
1)  \nll  be  turned  once  round.  Then,  if  the  cir- 
cumference of  a  circle  defcribed  by  the  handle 'of 
the  winch  ^  be  equal  to  the  circumference  of  a 
groove  e  round  the  wheel  D,  the  velocity  of  the 
Banclk  will  be  48  times  as  great  as  the  velocity 
of  any  given  point  in  the  groove.  Confequently, 
if  a  line  G  (above  number  48)  goes  round  the 
groove  fy  and  has  a  weight  of  48  pounds  hung 
to  it  below  the  pedeftal  EF,  z  power  equal  to 
one  pound  at  the  handle  will  balance  and  fupport 
the  weight.— To  prove  this  by  experiment,  let 
the  circumferences  of  the  grooves  of  the  wheels 
^ and  2)  be  equal  to  one  another;  and  then  if 
a  weight  Hof  one  pound  be  fufpended  by  a  line 
goag  round  the  groove  of  the  wheel  C,  it  will 
halance  a  weight  of  48  pounds  hanging  by  the 
line  G;  and  a  fmall^  addition  to  the  weight  H 
^  caufe  it  to  defcend,  and  fo  raife  up  the  other 
Wight, 

iT  the  line  G,  inftead  of  going  round  the 
groove  e  of  the  wheel  D,  goes  round  its  axle  /; 
the  power  of  the  machine  will  be  as  much  in- 
crcafed,  as  the  circumference  of  the  groove  e 
exceeds  the  circumference  of  the  axle :  which, 
fuppofing  it  to  be  fix  times,  then  one  pound  at 
Hmll  balance  6  times  48,  or.  288  pounds  hung 
to  the  line  on  the  axle  :  and  hence  the  power  or 
advantage  of  this  machine  will  be  as  288  to  i. 
That  is  to  fay,  a  man,  who  by  his  natural 
length  could  lift  a  hundred  weight,  will  be 
F  2  •      able 
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able  to  raife  288  hundred,  or  14A  ton  weight 
by  this  engine. 

But  the  following  engine  is  ftill  more  power** 

ful,  on  account  of  its  having  the  addition  of 

four  pulleys :  and  in  it  we  may  look  upon  all 

the  mechanical  powers  as  combined  together, 

PlaicVII.  even  if  we  take  in  the  balance.    For,  as  the  axk 

'  *8- '  •     JD  of  the  bar  -^  5  enters  its  middle  at  C,  it  is  plain 

that  if  equal  weights  are  fufpended  upon  any  two 

A  a)mbi.  pins  equi-diftant  from  the  axis  C,  they  will  coun- 

au"thc      ^^^poif^  ^^^  other. — It   becomes  a  lever  by 

mecha-     hangbg  a  fmall  weight  P  upon  the  pin  n,  and  a 

nical       weight  as  much  heavier  upon  either  of  die  pins 

powcM.    if^  c,  dy  ty  or  /,  as  is  in  proportion  to  the  pins 

'  being  fo  much  nearer  the  axis.    The  wheel  and 

axle  FG  is  evident;  lb  is  the  fcrew  £  which 

takes  in  the  inclined  plane,  and  with  it  the  half 

wedge.     Part  of  a  cord  goes  round  the  axle,  the 

reft  under  the  lower  pulleys  Ky  m,  over  the  upper 

pulleys  Li  n,  and  then  it  is  tied  to  a  hook  at  m 

in  the  lower  or  moveable  block,  on  which  die 

wei^t  ff^  hangs. 

In  this  machine,  if  the  wheel  F  has  30  teeth, 
it  will  be  turned  once  round  in  thirty  revo- 
lutions of  the  bar  u4  B,  which  is  fixt  on  the 
axis  D  of  the  fcrew  E :  if  the  length  of  the  bar 
is  equal  to  twice  the  diameter  of  the  wheel,  the 
pins  a  and  n  at  the  ends  of  the  bar  will  move  60 
times  as  faft  as  the  teeth  of  the  wheel  do :  and 
confcquently,  one  ounce  at  P  will  balance  60 
ounces  hung  upon  a  tooth  at  q  in  the  horizontal 
diameter  of  the  wheel.  Then,  if  the  diameter  of 
the  wheel  F  is  ten  times  as  great  as  the  diameter 
of  the  axle  G,  the  wheel  will  have  10  rimes  the 
velocity  of  the  axle ;  and  therefore  one  ounce  P 
at  the  end  of  the  lever  yfC  will  balance  10  times 
60  or  600  ounces  hung  to  the  rope  H  which  goes 

round 
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round  the  axle.  Laftly,  if  four  pulleys  be  added, 
they  will  make  the  velocity  of  the  lower  block 
K^  and  weight  JV^  four  times  lefs  than  the  velo- 
city of  the  axle:  and  this  being  the  laft  power 
in  the  machine,  wh^ch  is  four  times  as  great  as 
that  gained  by  the  axle,  it  makes  the  whole 
power  of  the  machine  4  times  600,  or  2400. 
So  that  a  man  who  could  lift  one  hundred  weight 
in  his  arms  by  his  natural  ftrength,  would  be  . 
able  to  raife  2400  times  as  much  by  this  en- 
gine.—-But  it  is  here  as  in  ^  other  mechanical 
cafes;  for  the  time lofl:  is  always  as  much  as  the 
power  gained,  becaufe  the  velocity  with  which 
the  power  moves  will  ever  exceed  the  velocity 
with  which  the  weight  rifes,  as  much  as  the  in- 
tcnfity  of  the  weight  exceeds  the  intenfity  of  the 
power. 

The  fri&ion  of  the  fcrew  itfelf  is  very  cond- 
dcrablc ;  and  there  are  few  compound  engines, 
but  what,  upon  account  of  the  friAion  of  the 
parts  againft  one  another,  will  require  a  third 
part  more  of  power  to  work  them  when  loaded, 
than  what  is  fufficient  to  conftitute  a  balance 
between  the  weight  and  the  power. 


L  E  C  T.    IV, 

y  nAUsy  crams^  wheeUcarriage?^  and  the  engine  • 
for  driving  piles, 

AS  thefc  engines  are  fo  univerfally  ufcful,  it 
would  be  needlefs  to  make  any  apology 
for  dcfcribing  them. 

In  a  common  breaji-millj  where  the  fall  of  piatcVII. 
^tcr  may  be  about  ten  feet,  -^-^  is  the  great  Fig.  2. 
^bcd,  which  is  generally  about  17  or  18  feet  in  A  com^ 
F  3  diameter,*^""* 
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diameter,  reckoned  from  the  outermoft  cdgje  of 
any  float  board  at  a  to  that  of  its  oppofite  float  at 
b.  To  tliis  wheel  the  water  is  conveyed  through 
a  channel,  and  by  falling  upon  the  wheels  turns 
it  round. 

On  the  axis  BB  6f  this  wheel,  and  within  the 
mill-houfe,  is  a  wheel  2),  about  8  or  9  f^t  dia^ 
meter,  having  61  cogs,  which  turn  a  trundle  E 
containing  ten  upright  flaves  or  rounds;  and 
when  thefc  are  the  number  of  cogs  and  rounds^ 
the  trundle  will  make  6tV  revolutions  for  one 
revolution  of  the  wheel. 

The  trundle  is  flxt  upon  a  ftrong  iron  axis 
called  the  fpindlc,  the  lower  end  of  which  turns  in 
a  brafs  foot,  fixt  at  is  in  the  horizontal  beam  S  T 
called  the  bridge-tree  J  and  the  upper  part  of  the 
fpindle  turns  in  a  wooden  bufli  fixt  into  the  nether 
millftone  which  lies  upon  beams  in  the  floor  TT^ 
The  top  part  of  the  fpindle  above  the  bulh  is 
fquare,  and  goes  into  a  fquare  hole  in  a  ftrong  iron 
crofs  abed  (fee  Fig.  3.)  called  the  rynd {  under 
which,  and  clofe  to  the  bufb,  is  a  round  piece  of 
thick  leather  upon  the  fpindle,  which  it  turns 
round  at  the  fame  time  as  it  does  the  rynd. 

The  rynd  is  let  into  grooves  in  the  under  fur- 
face  of  the  running  millfl:onc  G  (Fig.  2.)  and  fo 
turns  it  round  in  the  fame  time  that  the  trundle  E 
is  turned  round  by  the  cog-wheel  D.  This  mill* 
ftone  has  a  large  hole  quite  through  its  middle^ 
called  the  eye  of  the  ftone,  through  which  the 
middle  part  of  the  rynd  and  upper  end  of  the 
fpindle  may  be  feenj  while  the  four  ends  of  thc^ 
rynd  lie  hid  below  the  ftone  in  their  grooves. 

The  end  7*  of  the  bridge-tree  TS  (which  fup— 
ports  the  upper  millftone  G  upon  the  fpindle)  i» 
fixed  into  a  hole  in  the  wall ;  and  the  end  S  is  IcC 
into  a  beam  ^R  called  the  brayer,  whpfe  end  JS^ 

remaii^ 
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remains  fixt  in  a  mortife :  and  its  odier  end  ^ 
hangs  by  a  ftrong  iron  rod  P  which  goes  through 
the  floor  TT^  and  has  a  fcrcw-nut  on  its  tpp  at 
0;  by  the  turning  of  which  nut,  the  end  ^  of 
the  brayerb  raifed  or  deprefled  at  pleafurei  and 
confequently  the  bridge-tree  7*6'  and  upper  mill- 
ftone.  By  this  means,  the  upper  millftone  may 
be  fct  as  clofe  to  the  under  one,  or  raifed  as  high 
from  it,  as  the  miller  pleafes.  The  nearer  the 
millftones  are  to  one  another,  the  finer  they 
grind  the  corn,  and  the  more  remote  from  one 
another,  the  coarfer. 

The  upper  millftone  G  is  inclofed  in  a  round 
box  fli  which  does  not  touch  it  any  where  j  ancj 
is  &bout  an  inch  diftant  from  its  edge  all  around. 
Orithc  top  of  this  box  ftands  a  frame  for  hbld- 
ing  the  hopper  k  ky  to  which  is  hung  the  Ihoe  / 
by  two  lines  fattened  to  the  hind-part  of  it,  fi^ed 
upon  hooks  in  the  hopper,  and  bv  one  end  of 
the  crook-ftring  K  fattened  to  the  fore-part  of  it 
at  i ;  the  other  end  being  twitted  round  the  pin  L. 
As  the  pin  is  turned  one  way,  the  ftring  draws 
up  the  ihoe  clofer  to  the  hopper,  and  fo  leffens 
the  aperture  between  them;  and  as  the  pin  is 
turned  the  other  way,  it  lets  down  the  fhoe,  and 
enlarges  the  aperture. 

If  the  (hoe  be  drawn  up  quite  to  the  hopper, 
no  com  can  fall  from  the  hopper  into  the  mill ; 
if  it  be  let  a  little  down,  fome  will  fall :  and  the 
quantity  will  be  more  or  lefs,  according  as  the 
flioe  is  more  or  lefs  let  down.  For  the  hopper  is 
open  at  bottom,  and  there  is  a  hole  in  the  bottom 
of  the  fhoe,  not  direftly  under  the  bottom  of  the 
hopper,  but  forwarder  toward  the  end  /,  over 
the  middle  of  the  eye  of  the  millttone. 

There  is  a  fquare  hole  in  the  top  of  the  fpindle,  Fig.  3., 
in  which  is  put  the  feeder  e:  this  feeder  fas  the 
F  4  Ipindle 
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Ipindlc  turns  round)  jogs  the  0ioc  three  rimes  in 
each  revolution,  and  fo  caufes  the  corn  to  rua 
conftantly  down  from  the  hopper  through  the  fhocj 
into  the  eye  of  the  millftohe,  where  it  falls  upon 
the  top  of  the  rynd,  and  is,  by  the  motion  ofthe 
rynd,  and  the  leather  under  it,  thrown  below  the 
upper  ftone,  and  ground  between  it  and  the  lower 
one.  The  violent  motion  of  the  ftone  creates  ^ 
centrifugal  force  in  the  corn  going  round  with  i^ 
by  which  means  it  gets  farther  and  farther  from 
the  center,  as  in  a  fpiral,  in  every  revolution> 
until  it  be  thrown  quite  out  >  and,  being  then 
ground,  it  falls  thrpugh  a  ijpout  M^  called  tho 
mill-eye,  into  the  trough  iV". 

When  the  mill  is  f?d  too  fall,  the  com  bears 
up  the  ftone,  and  is  ground  too  coarfe ;  and  bc^ 
fides,  it  clogs  the  mill  fo  as  to  make  it  go  too 
flow.  When  the  mill  is  too  flowly  fed,  it  goes 
too  faft,  and  the  ftones  by  their  attrition  are  apt 
to  ftrike  fire  againft  one  another.  Both  which 
inconveniences  are  avoided  by  turning  the  pin  i 
backward  or  forward,  which  draws  up  or  lets 
down  the  fhoe  \  and  fo  regulates  tl^e  feeding  as 
the  miller  fees  convenient. 

The  heavier  the  running  millftone  is,  and  the 
greater  the  quantity  of  water  that  falls  upon  the 
wheel,  fo  much  the  fafter  will  the  mill  bear  to  be 
fed  J  and  confequently  fo  much  the  more  it  will 
grind.  And  on  the  contrary,  the  lighter  the 
ftone,  and  the  lefs  the  quantity  of  water,  fo  much 
flower  muft  the  feeding  be.  But  when  the  ftone 
is  confiderably  wore,  and  become  light,  the  mill 
muft  be  fed  flowly  at  any  rate;  otherwifc  the 
ftone  will  be  too  much  borne  up  by  the  com  un- 
der it,  which  will  make  the  meal  coarfe. 

The  quantity  of  power  required  to  turn  a 
heavy  millftone  is  but  very  little  more  than  what 

3  » 
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is  fuffictent  to  turn  a  light  one :  for  as  it  is  (up- 
ported  upon  the  fpindle  by  the  bridge-tree  S  T, 
and  the  end  of  th.e  fpindle  that  turns  in  the  brais 
foot  therein  being  but  fmall^  the  odds  arifing 
from  the  weight  is  but  very  inconfiderable  in  its 
aft  ion  ag.inft  the  power  or  force  of  the  water. 
Aiid  belides,  beavy  ftone  has  the  faaie  advan- 
tage a:,  a  heavy  fly;  namely,  that  it  regulates 
the  motion  much  better  than  a  light  one. 

In  order  to  cut  and  grind  the  corn,  both  the 
upper  and  under  millitone^  have  channels  or 
furrows  cut  into  them,  proceeding  obliquely  from 
the  center  toward  the  circumference.  And  thefe 
furrows  are  cut  perpendicularly  on  one  fide  and 
obliquely  on  the  other  into  the  ftone,  which 
gives  each  furrow  a  iharp  edge,  and  in  the  two 
flones  they  come,  as  it  were,  againft  one  ano- 
ther like  the  edges  of  a  pair  of  fcilTars :  and  fo 
cut  the  corn,  to  make  it  grind  the  eafier  when  it 
falls  upon  the  places  between  the  furrows* 
Thefe  are  cut  the  fame  way  in  both  ftones  when 
they  lie  upon  their  backs,  which  makes  them  run 
crofs  ways  to  each  other  when  the  upper  ftone  is 
inverted  by  turning  its  furrowed  furface  toward 
that  of  the  lower.  For,  if  the  furrows  of  both 
ftones  lay  the  fame  way,  a  great  deal  of  the  corn 
would  be  driven  onward  in  the  lower  furrows, 
and  fo  come  out  from  between  the  ftx)nes  with- 
out being  either  cut  or  bruifed. 

When  the  furrows  become  blunt  and  fhallow 
by  wearing,  the  running  ftone  muft  be  taken 
\]p,  and  both  ftones  new  dreft  with  a  chifel  and 
hammer.  And  every  time  the  ftone  is  taken  up, 
there  muft  be  fome  tallow  put  round  the  fpindle 
xipon  the  bu(h,  which  will  foon  be  melted  by 
the  heat  the  fpindle  acquires  from  its  turning 
and  rubbing  againft  the  bu(h>  and  fo  will  get  in 

between 
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between  them:   otherwife  the  bufh  would  take 
fire  in  a  very  little  time. 

The  bu(h  muft  embrace  the  Ipindlc  quite 
clofe,  to  prevent  any  fhake  in  the  motion,  which 
would  make  fome  parts  of  the  ftones  grate  and 
fire  againft  each  other;  while  other  parts  of  them 
would  be  too  far  afunder,  and  by  that  means 
fpoil  the  meal  in  grinding. 

Whenever  the  fpindle  wears  the  bulh  {t^  as  ta 
begin  to  (hake  in  it,  the  ftone  muft  be  taken  up, 
^rid  a  chifci  drove  into  feveral  parts  of  the  bufh; 
and  when  it  is  taken  out,  wooden  wedges  muft 
be  driven  into  the  holes ;  by  which  means  the 
bulh  will  be  made  to  embrace  the  fpindle  clofe 
all  around  it  again.  In  doing  this,  great  care 
muft  be  taken  to  drive  equal  wedges  inco  the 
bufti  on  oppofite  fides  of  the  fpindle ;  otherwife 
it  will  be  thrown  out  of  the  perpendicular,  and 
fo  hinder  the  upper  ftone  from  being  fet  parallel 
to  the  under  one,  which  is  abfolutely  neceflary 
for  making  good  work.  When  any  accident  of 
this  kind  happens,  the  perpendicular  pofition  of 
the  fpindle  muft  be  reftored  by  adjufting  the 
bridge-tree  S  TC  hy  proper  wedges  put  between 
it  and  the  brayer  ^  R. 

It  often  happens,  that  the  rynd  is  a  little 
wrenched  in  laying  down  the  upper  ftone  upon 
it ;  or  is  made  to  fink  a  little  lower  upon  one 
fide  of  the  fpindle  than  on  the  other ;  and  this 
win  caufc  one  edge  of  the  upper  ftone  to  drag 
all  around  upon  the  other,  while  the  oppofite 
edge  will  not  touch.  But  this  is  eafily  fet  to 
rights,  by  raifing  the  ftone  a  little  with  a  lever, 
and  putting  bits  of  paper,  cards,  or  thin  chips, 
between  the  rynd  and  the  ftone. 

The  diameter  of  the  upper  ftone  is  generally 
about  fix  feet,  die  lower  ftone  about  an  inch 

more; 


Of  Water^mUs.  ^^ 

more :  and  the  upper  done  when  new  contains 
about  22 1  cubic  feet,  which  weighs  fomewhat 
more  than  19000  pounds.  A  ftone  of  this  dia- 
meter ought  never  to  go  more  than  60  times 
round  in  a  minute  \  for  if  it  turns  fatter,  it  will 
heat  the  meal. 

The  grinding  furfacc  of  the  under  ftonp  is  a 
little  convt  X  from  the  edge  to  the  center,  and 
^hat  of  the  upper  ftone  a  little  more  concave:  fb 
that  they  ai  e  fartheft  from  one  another  in  the 
middle,  and  come  gradually  nearer  toward  the 
edges.  By  this  means,  the  corn  at  its  firft  en- 
trance between  tlic  ftones  is  only  bruifcd ;  but  as 
it  goes  farther  on  toward  the  circumference  or 
edge,  it  \%  cut  fmaller  and  fmaller ;  and  at  laft 
finely  ground  juft  before  it  comes  out  from  be- 
tween them. 

The  water-wheel  muft  not  be  too  large,  for 
if  it  be,  its  motion  will  be  too  flow ;  nor  too 
little,  for  then  it  will  want  power.  And  for  a 
mill  to  be  in  perfe^^ion,  the  floats  of  the  wheel 
ought  to  move  with  a  third  part  of  the  velocity 
of  the  water,  and  the  ftone  to  turn  round  once 
in  a  fecond  of  time. 

In  order  to  conftruft  a  mill  in  this  perfedt 
manner,  obfervc  the  following  rules : 

1.  Meafure  the  perpendicular  height  of  the 
fall  of  water,  in  feet,  above  that  part  of  the  wheel 
on  which  the  water  begins  to  aft;  and  call  that, 
the  height  of  the  fall. 

2.  Multiply  this  conftant  number  64.2882  by 
the  height  of  the  fall  in  feet,  and  the  fquare  root 
of  xhe  produft  ftiall  be  the  velocity  of  the  water 
at  the  bottom  of  the  fall,  or  the  number  of  feet 
that  the  water  there  moves  per  fecond. 

3.  Divide  the  velocity  of  the  water  by  3,  and 
the  quotient  fliall  be  the  velocity  of  the  float- 
t)oards  of  the  wheel ;  or  the  number  of  feet  they    - 

muft 
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muft  each  go  through  in  a  fecond,  when  the 
water  aAs  upon  them  fo^  as  to  have  the  greateft 
power  to  turn  the  mill. 

4.  Divide  the  circumference  of  the  idied  in 
feet  by  the  velocity  of  its  floats  in  feet  per  fc- 
cond,  and  the  quotient  ihall  be  the  number  of 
feconds  in  which  the  wheel  turns  round. 

5..  By  this  laft  number  of  feconds  divide  6oi 
and  the  quotient  fhall  be  the  number  of  turns  of 
the  wheel  in  a  minute. 

6.  Divide  60  (the  number  of  revolutions  the 
millftone  ought  to  have  in  a  minute)  by  the  num- 
ber of  turns  of  the  wheel  In  a  minute,  and  the 
quotient  (hall  be  the  number  of  turns  the  mill- 
ftone ought  to  have  for  one  turn  of  the  wheel. 

7.  Then,  as  the  number  of  turns  of  the  wheel 
in  a  minute  is  to  the  number  of  turns  of  the 
millftone  in  a  minute,  fb  muft  the  number  of 
ftaves  in  the  trundle  be  to  the  number  of  cogs- 
in  the  wheel,  in  the  neareft  whole  numbers  that 
can  be  found. 

By  thefe  rules  I  have  calculated  the  following 
table  to  a  water-wheel  18  feet  diameter,  which 
I  apprehend  may  be  a  good  fize  in  generaf. 

To  conftruft  a  mill  by  this  table,  find  the 
height  of  the  fall  of  water  in  the  firft  column,  and 
againft  that  height,  in  the  fixth  column,  you  have 
the  number  of  cogs  in  the  wheel,  and  ftaves  in 
the  trundle,  for  caufing  the  millftone  to  make 
about  60  revolutions  in  a  minute,  as  near  as 
poffible,  when  the  wheel  goes  with  a  third  part 
of  the  velocity  of  the  water.  And  it  appears  by 
the  7th  column,  that  the  number  of  cogs  in  the 
wheel,  and  ftaves  in  the  trundle,  are  fo  near  the 
truth  for  the  required  purpofe,  that  the  leaft 
number  of  revolutions  of  the  millftone  in  a 
minute  is  between  59  and  60,  and  the  greateft 
number  never  am<5unts  to6i. 

The 
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Such  a  mill  as  this^  with  a  fall  of  water  aboirf 
7 1  feet,  will  require  about  32  hoglheads  every 
minute  to  turn  the  wheel  with  a  third  part  of  the 
velocity  with  which  the  water  falls  j  and  to  over- 
come the  refiftance  arifing  from  the  fridion  of 
the  geers  and  attrition  of  the  ftones  in  grinding 
the  corn. 

The  greater  fall  the  water  has,  the  lefs  quan- 
tity of  it  will  ferve  to  turn  the  mill.  The  water 
is  kept  up  in  the  mill-dam,  and  let  out  by  a 
fluice  called  the  penftock,  when  the  mill  is  to  go. 
When  the  penftock  is  drawn  up  by  means  of  a 
lever,  it  opens  a  paflage  through  which  the  water 
flows  to  the  wheel :  and  when  the  mill  is  to  be 
ftopt,  the  penftock  is  let  down,  which  ftops  the 
water  from  falling  upon  the  wheel. 

A  lefs  quantity  of  water  will  turn  an  overlhot- 
mill  (where  the  wheel  has  buckets  inftead  of 
float-boards)  than  a  breaft-mill,  where  the  fall  of 
the  water  feldom  exceeds  half  the  height  Jb  oi 
the  wheel.  So  that,  where  there  is  but  a  fmall 
quantity  of  water,  and  a  fall  great  enough  for  the 
wheel  to  lie  under  it,  the  bucket  (or  overfhot) 
wheel  is  always  ufed.  But  where  there  is  a  large 
body  of  water,  with  a  little  fall,  the  breaft  or  float- 
board  wheel  muft  take  place.  Where  the  water 
runs  only  upon  a  little  declivity,  it  can  aft  but 
flowly  upon  the  under  part  of  the  wheel  at  iJj  in 
which  cafe,  the  motion  of  the  wheel  will  be  very 
flow :  and  therefore,  the  floats  ought  to  be  very 
long,  though  not  high,  that  a  large  body  of  water 
may  aft  upon  them ;  fo  that  what  is  wanting  in 
velocity  may  be  made  up  in  power ;  and  then  the 
cog-wheel  may  have  a  greater  number  of  cogs  in 
proportion  to  the  rounds  in  the  trundle,  in  order 
to  give  the  millftone  a  fufficient  degree  of  velocity. 

They  who  have  read  what  is  faid  in  the  firft 
lefture,  concerning  the  acceleration  of  bodies 

falling 
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falling  freely  by  the  power  of  gravity  afting 
conftantly  and  uniformly  upon  them,  may  per- 
haps aflc.  Why  Ihould  the  motion  of  the  wheel  be 
equable,  and  not  accelerated,  feeing  the  water 
afts  conftantly  and  uniformly  upon  it  ?  The  plain 
anfwer  is.  That  the  velocity  of  the  wheel  can 
never  be  fo  great  as  the  velocity  of  the  water 
that  turns  it ;  for,  if  it  fhould  become  fo  great, 
the  power  of  the  water  would  be  quite  loft  upon 
the  wheel,  and  then  there  would  be  no  proper 
force  to  overcome  the  friftion  of  the  geers  and 
attrition  of  the  ftones.     Therefore,  the  velocity 
vvith  which  the  wheel  begins  to  move,  will  in- 
oreafe  no  longer  than  till  its  momentum  or  force 
is  balanced  by  the  refiftance  of  the  working 
p>arts  of  the  mill ;  and  then  the  wheel  will  go 
on  with  an  equable  motion.  ^  ^ 

[If  the  co^-wheel  D  be  made  about  18  inches  a  hand^ 
Oiameter,  with  30  cogs,  the  trundle  as  fmall  xnmiU. 
proportion,  with  10  ftaves,  and  the  millftones  be 
each  about  two  feet  in  diameter,  and  the  whole 
>vork  be  put  into  a  ftrong  frame  of  wood,  as  re- 
prefented  in  the  figure,  the  engine  will  be  a  hand- 
Txiill  for  grinding  corn  or  malt  in  private  fami- 
lies.    And  then,  it  may  be  turned  by  a  winch 
inftead  of  the  wheel  A  A:  the  millftone  making 
three  revolutions  for  every  one  of  the  winch. 
If  a  heavy  fly  be  put  upon  the  axle  fi,  near  the 
^Vinch,  it  will  help  to  regulate  the  motion.] 

If  the  cogs  or  the  wheel  and  rounds  of  the 
trundle  could  be  put  in  as  exaftly  as  the  teeth 
are  cut  in  the  wheels  and  pinions  of  a  clock, 
then  the  trundle  might  divide  the  wheel  exaftly : 
that  is  to  fay,  the  trundle  might  make  a  given 
number  of  revolutions  for  one  of  the  wheel, 
without  a  fraftion.  But  as  any  exadt  number  is 
not  neceffary  in  mill- work,  and  the  cogs  and 
rounds  cannot  be  fet  in  fo  truly  as  to  make  all 

the 
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the  intervals  between  them  equal ;  a  fkilful 
mill-wright  will  always  give  the  wheel  what  he 
calls  a  hunting  cog;  that  is,  one  more  than  what 
will  anfwer  to  an  exaft  divifion  of  the  wheel  by 
the  trundle.  And  then,  as  every  cog  comes  to 
the  trundle^  it  will-  take  the  next  ftafF  or  round 
behind  the  one  which  it  took  in  the  former  re- 
volution :  and  by  that  means  will  wear  all  the 
parts  of  the  cogs  and  rounds  which  work  upon 
one  another  equally,  and  to  equal  diftances  from 
one  anotlier  in  a  little  time ;  and  (b  make  a  true 
uniform  motion  throughout  the  whole  work. 
Thus,  in  the  above  water-mill,  the  trundle  has 
to  ftaves,  and  the  wheel  6i  cogs. 

Sometimes,  where  there  is  a  fufficient  quan- 
tity of  water,  the  cog-wheel  ^  A  turns  a  large 
^ftfe.  4*     trundle  B  By  on  whofe  axis  C  is  fixed  the  hori- 
zontal wheel  D,  with  cogs  all  around  its  edge, 
turning  two  trundles  E  and  F  at  the  fame  time ; 
whofe  axes  or  fpindles  G  and  H  turn  two  mill- 
ftones  /  and  A',  upon  the  fixed  ftones  L  and  Af. 
And  when  there  is  not  work  for  them  both, 
either  may  be  made  to  lie  quiet,  by  taking  out 
one  of  the  ftaves  of  its  trundle,  and  turning  the 
vacant   place  toward  the  cog-wheel  D.     And 
there  may  be  a  wheel  fixt  on  the  upper  end  of 
the  great  upright  axle  C  for  turning  a  couple  of 
boulting-mills ;    and  other  work  for   drawing 
up  the  facks,  fanning  and   cleaning  the  corn, 
fharpening  of  tools,  &c, 
A  hor/e-       If,  inftead  of  the  cog-wheel  A  A  and  trundle 
^'^'^-        B  5,  horizontal  levers  be  fixed  into  the  axle  C, 
below  the  wheel  D  \  then,  horfes  may  be  put  to 
thefe  levers  for  turning  the  mill :  which  is  often 
done  where  water  cannot  be  had  for  that  pur-  . 
pofe. 
A  wW-       The  working  parts  of  a  wind-mill  differ  very 
•»^^-        little  from  thofc  of  a  water-mills  only  the  former 

is 
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IS  turned  by  the  aftion  of  the'  wind  upon  four 
fails,  every  one  of  which  ought  (15  is  generally 
believed)  to  make  an  angle  of  54^  degrees  with 
a  plane  perpendicular  to  the  axis  on  which  the 
arms  are  fixt  for  carrying  them.  It  being  de- 
moriftrable,  that  when  the  fails  are  fet  to  fuch  an 
angle,  and  the  -axis  turned  endwife  toward  the 
wind,  the  wind  has  the  greateft  power  upon  the 
iails.  But  this  angle  anfwers  only  to  the  cafe  of 
a  vane  or  fail  juft  beginning  to  move  ♦ :  for, 
when  the  vane  has  a  certain  degree  of  motic^n,  it 
yields  to  the  wind :  and  then  that  angle  muft  be 
increafed  to  give  the  wind  its  full  efFeft. 

^  Again,  the  increafe  of  this  angle  fhould  be 
different,  according  to  the  different  velocities 
fronci  the  axis  to  the  extremity  of  the  vane.  At 
the  axis  it  fhould  be  544  degrees,  and  thence 
continually  decreafe,  giving  the  vane  a  twift,  and 
^  caufing  all  the  ribs  of  the  vane  to  lie  in  dif- 
*^^ent  planes. 

LaMy,  Thefe  ribs  ought  to  decreafe  in  length 
""Qrn  the  axis  to  the  extremity,  giving  the  vane  a 
^Urvilineal  form  ;  fo  that  no  part  of  the  force  of 
^'^y  one  rib  be  fpent  upon  the  reft,  but  all  move 
^^^  independent  of  each  other.  All  this  is  re- 
9^ircd  to  give  the  fails  of  a  wind-mill  their  true 
^orm :  and  we  fee  both  the  twift  and  the  diminu- 
^^On  of  the  ribs  exemplified  in  the  wings  oH  birds. 

It  is  almoft  incredible  to  think  with  what 
^^locity  the  tips  of  the  fails  move  when  afted 
^Pon  by  a  moderate  gale  of  wind.  I  have  fe- 
^^i"al  times  counted  the  number  of  revolutions 
p^ade  by  the  fails  in  ten  or  fifteen  minutes ;  and 
''"^rn  the  length  of  the  arms  from  tip  to  tip, 
*^ave  computed,  that  if  a  hoop  of  that  diameter 
^^  to  run  upon  the  ground  with  the  fame  velo- 

*  SccMaclavrin's  Fluxions,  near  the  end. 
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city  that  it  would  move  if  put  ufx)!!  the  fail-arms^ 
'  it  would  go  upward  of  30  miles  in  a  hour. 

As  the  ends  of  the  fails  neareft  the  axis  can- 
hot  move  with  the  fame  velocity  that  the  tips  or 
fartheft  ends  do^  although  the  wind  a£ts  equally 
ftrong  upon  them;  perhaps  a  better  pofition 
than  that  of  ftretching  them  along  the  arms  di- 
refily  from  the  center  of  motion^  might  be  to  have 
them  fet  perpendicularly  acrofs  the  farther  ends 
of  the  arms,  aiid  there  adjufted  length  wife  to  the 
proper  angle.  For,  in  that  cafe,  both  ends  of 
the  fails  would  move  with  the  feme  velocity; 
and  being  farther  from  the  center  of  motion,  they 
ivould  have  fo  much  the  mcire  power :  and  then, 
there  would  be  no  occafion  for  having  them  fb 
large  as  they  are  generally  made ;  which  would 
render  them  lighter,  and  Confequendy,  there 
would  be  fo  much  the  lefs  fridion  on  (hie  thick 
neck  of  the  axle  where  it  turns  in  the  wall. 
A  crdm.  A  crane  is  an  engine  by  which  great  weights 
are  raifed  to  certain  heights,  or  let  down  to  cer- 
tain depths.  It  confifts  of  wheels,  axles,  pul- 
Plate  leys,  ropcs,  and  a  gib  or  gibbet.  When  the 
^^'^*  rope  H  is  hooked  to  the  weight  Kj  a  man  turns 
*^'  '*  the  winch  J^  on  the  axis  whereof  is  the  trundle 
jB,  which  turns  the  wheel  C,  an  whofe  axis  2)  is 
the  trundle  £,  which  turns  the  wheel  F  with  its 
upright  axis  G,  on  which  the  great  rope  HH 
winds  as  the  wheel  turns;  and  going  over  a 
|)ulley  /  at  the  end  of  the  arm  d  of  the  gib  c  cde. 
It  draws  up  the  heavy  weight  X";  which,  being 
raifed  to  a  proper  height,  as  from  a  fhip  to  the 
quay,  is  thin  brought  over  the  quay  by  pulling 
the  wheel  Z  round  by  the  handles  z,  2,  which 
turns  the  gib  by  means  of  the  half  wheel  b  fixt 
on  the  gib-poft  c  r,  and  the  ftrong  pinion  a  fixt 
on  the  axis  of  thfe  wheel  Z.  This  wheel  gives 
the  man  that  turns  it  an  abfolute  command  over 
9  the 
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the  gib,  ib  as  to  prevent  it  from  taking  any  un* 
lucky  iwing,  fuch  as  oftfud  happens  whea  it  is 
only  guided  by  a  rope  tied  to  its  arm  di  and 
people  are  frequently  hurt,  fometimes  killed,  by 
iuch  accidents. 

The  great  rope  goes  between  two  upright 
roUers  i  and  )c^  which  turn  upon  gudgepns  in 
the  fixed  beams /and  g  j  aind  as  the  gib  is  turn- 
ed toward  either  fide,  the  rope  bends  upon  the 
roller  next  that  tide.  Were  it  not  for  thefc 
rollers,  the  gib  would  be  quite  unmanageable  1 
ibr  the  moment  it  were  turned  ever  io  little  to- 
mrd  any  fide,  the  weight  K  would  begin  to 
defcend,  bccajjfc  the  rope  would  be  fliortened 
between  the  pulley  /  and  axis  G ;  and  fo  the  gib 
-would  be  pulled  violently  to  that  fide,  and  either 
be  broke  to  pieces,  or  break  every  thing  that 
caJme  in  its  way.  Thefe  rollers  mull  be  placed  . 
{o^  that  the  fides  of  them,  round  which  the  rope 
bends,  may  keep  the  middle  of  the  bended  part 
cj'ireftly  even  with  the  center  of  the  hole  in  which 
die  upper  gudgeon  of  the  gib  turns  in  the  beam 
f.  The  truer  thefe  rollers  are  placed,  the  eafier 
the  gib  is  managed,  and  the  lefs  apt  to  fwing 
cither  way  by  the  force  of  the  weight  K. 

A  ratchet-wheel  ^  is  fixt  upon  the  axis  D, 
near  the  trundle  Ei  and  into  this  wheel  the  catch 
or  click  R  falls.     This  hinders  the  machinery  ^ 

from  running  back  by  the  weight  of  the  burthen 
Ky  if  the  man  who  raiies  it  ihould  happen  to  be 
carelefs,  and  fo  leave  off  working  at  the  winch 
A  Iboner  than  he  ought  to  do. 

When  the  weight  K  is  raifed  to  its  proper 
height  from  the  (hip,  and  brought  over  the 
quay  by  turning  the  gib  about,  it  is  let  down 
gently  upon  the  Quay,  or  into  a  cart  (landing 
thereon,  in  the  following  manner :  A  mgn  takes 
hold  of  the  rope  /  /  (which  goes  over  the  pulley 
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V  and  is  tied  to  a  hook  at  S  in  the  catcrh  R)  and 
fo  difengages  the  catch  from  the  ratchct-WhccI 
^;  ar/d  then,  the  man  at  the  winch  A  turns  it 
backward,  and  lets  down  the  weight  K.  But  if 
the  weight  pulls  too  hard  agiinft  this  man^  ano- 
ther lays  hold  of  the  ftick  Vy  and  by  pulling  it 
downward,  draws  the  gripe  U  cloft  to  the  wheel 
Ty  which,  by  rubbing  hard  againft  the  gripe, 
hinders  the  too  quick  defcent  of  the  weight  i 
and  not  only  fo,  but  even  ftops  it  at  any  time, 
if  required*  By  this  means,  heavy  goods  may 
be  either  raifed  or  let  down  at  pleafure,  without 
any  danger  of  hurting  the  men  who  work  the 
engine. 

When  part  of  the  good^  are  craned  up,  and 
the  rope  is  to  be  let  down  for  more,  the  catch  R 
is  firft  difengaged  from  the  ratchet-wheel  ^  by 
pulling  the  cord  / ;  then  the  handle  q  is  turned 
half  round  backward,  which,  by.  the  crank  n  n 
in  the  piece  Oy  pulls  down  the  frame  b  between 
the  guides  m  and  m  (in  which  it  Aides  in  a 
groove)  and  fo  difengages.the  trundle  B  from 
the  wheel  C:  and  then,  the  heavy  hook  |3  at 
the  end  of  the  rope  H  defcends  by  its  own 
w«ighty  and  turns  back  the  great  wheel  F  with 
its  trundle  £,  and  the  wheel  C;  and  this  laflr 
wheel  afts  like  a  fiy  againft  the  wheel  F  and 
hook  |3 ;  and  fo  hinders  it  from  going  down  toa 
quick  V  while  the  weight  X  keeps  up  the  gripe 
U  from  rubbing  againft  the  wheel  T,  by  means 
of  a  Gord  going  fi-om  the  weight,  over  the  pulley 
w  to  the  hook  H^  in  the  gripe ;  fo  that  the  gripe 
never  touches  the  wheel,  unlefs  it  be  pulled  down: 
by  the  handle  V. 

When  the  crane  is  to  be  fet  at  work  again^ 
for  drawing  up  another  burthen,  the  handle  q  is 
turned  half  round  forward ;  which,  by  the 
crank  nn^  raifes  up  the  frame  by  and  caufes  the 

I  trundte 
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trundle  B  to  lay  hold  of  the  wheel  C;  and  then, 
by  turning  the  winch  Ay  the*burthen  of  goods  K 
is  drawn  up  as  before. 

The  crank  nn  turns  pretty  ftifFln  the  mortife 
near  ^,  and  (lops  agaihft  the  farther  end  of  it 
when  it  has  got  juR:  a  little  beyond  the  perpen- 
dicular; fo  that  it  can  never  come  back  of  it- 
felf :  and  therefore,  the  trundle  B  can  never  come 
away  from  the  wheel  C,  until  the  handle  q  be 
turned  half  round  backward. 

The  great  rope  runs  upon  rollers  in  the  lever 
L  Af,  which  keeps  ir  from  bending  between  the 
axle  at  G  and  the  pulley  /.  This  lever  turns  upon 
the  axis  N  bv  means  of  the  v/eight  O,  which  is 
juft  fufficient  to  keep  its  end  L  up  to  the  rope  ;  fo 
that,  as  the  great  axle  turns,  and  the  rope  coils 
round  it,  the  lever  rifes  with  the  rope,  and  pre- 
vents the  coilings  from  going  over  one  another. 

The  power  of  thib  crane  maybe  eftimated  thus: 
fuppofe  the  trundle  B  to  have  13  ftaves  or  rounds, 
and  the  wheel  Cto  have  78  fpur  cogs :  the  trundle 
E  to  have  14  ftaves,  and  the  wheel  F  56  cogs. 
Then,  by  multiplying  the  ftaves  of  the  trundles, 
13  and  14,  into  one  another,  their  produft  will  be 
182  i  and  by  multiplying  the  cogs  of  the  wheels, 
78  and  56,  into  one  another,  their  produft  will  be 
4368,  and  dividing  4368  by  182,  the  quotient 
will  be  24;  which  fl^ews  that  the  winch  ^  makes 
^  24  turns  for  one  turn  of  the  wheel  F  and  its 
axle  G  on  which  the  great  rope  or  chain  H I H 
winds.  So  that,  if  the  length  or  radius  of  the 
winch  4  were  only  equal  to  half  the  diameter 
of  the  great  axle  G,  added  to  half  the  thicknefs 
pf  the  rope  //,  the  power  of  the  crane  would  be 
as  24  to  I  :  but  the  radius  of  the  winch  being 
double  the  above  length,  it  doubles  the  faid 
power,  and  fo  makes  it  as  48  to  i  :  in  which 
cafe,  4  man  may  raife  48  times  as  much  weight 
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by  this  engine  as  he  could  do  by  his  mttml 
ftrength  without  it,  making  proper  alloii^c^ 
for  3ie  friftion  of  the  workuig  parts.— ^^ 
men  may  work  at  once,  by  having  aoo^iar 
winch  on  the  oppofite  end  of  the  axis  of  the 
trundle  under  B  i  and  this  will  make  the  powe^ 
double. 

If  this  power  be  thought  greater  than  wh^  i 
may  be  generally  wanted,  the  wheels  may  he 
made  with  fewer  cogs  in  proportion  to  the  mivH 
in  the  trtindles ;  and  {o  the  power  may  be  of 
whatever  degree  is  judged  to  oe  requifite. .  Bi|t 
if  i^e  weight  be  fo  great  as  will  require  yet  more 
power  to  raife  it,  fyppofe  a  double  quantity,  then 
the  rope  H  may  be  put  under  a  raoyeable  pul- 
ley, as  ^,  and  the  end  of  it  tied  to  a  hook  in  the 
gib  at  f ;  which  will  give  a  double  power  to  the 
machine,  and  fo  raife  a  double  weight  hooked 
to  the  block  of  the  moveable  pulley. 

When  only  fmall  burthens  arc  to  be  railed, 
this  may  be  quickly  done  by  men  pufhing.the 
axle  G  round  by  the  long  fpokes  _y,  y^y^yi  hav- 
ing firft  difengaged  the  trundle  B  from  the  wheel 
C:  and  then,  this  wheel  will  only  aft  as  a  fly 
ppon  the  wheel  Fj  and  the  catch  /?  will  prevent 
its  running  back,  if  the  men  Ihould  inadvertently 
leave  off  pulhing  before  the  bij^rthen  be  unhooked 
from  jS. 

Laftly,  When  very  heavy  burthens  are  to  be 
raifed,  which  might  endanger  the  breaking  of 
the  cogs  in  the  wheel  Fi  their  force  againft  thefe 
cogs  may  be  much  abated  by  men  pulhing  round 
the  long  (pokes  ^,  ^,  y^  jf,  while  the  man  at  A 
turns  the  winch. 

I  have  only  Ihewn  the  working  parts  of  this 
crane,  without  the  whole  of  the  beanns  which 
fupport  them  i  knowing   that  thefe  are  eafily 

fuppofed. 
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iuppoied,  and  that  if  they  had  been  drawn,  they 
would  have  hid  a  great  deal  of  the  working  parts 
from  fight,  and  alfo  confufed  the  figure. 

Another  very  good  crane  is  made  in  the  fol-  Another 
lowing  mannen  A  A  \%  z  great  wheel  turned  C"?**' 
by  men  walking  within  it  at  H.  On  the  part  ^^*  ^* 
C,  of  its  axle  B  C,  the  great  rope  D  is  wound  as 
the  wheel  turns ;  and  this  rope  draws  up  goods 
in  the  fame  way  as  the  rope  H  H  does  in  the 
above-mentioned  crane,  the  gib-work  here  be- 
ing fbppofed  to  be  of  the  fame  fort.  But  thefe 
cranes  arc  very  dangerous  to  the  men  in  the 
'wheel  5  for,  if  any  of  the  men  fhould  chance  to 
fall,  the  burthen  will  make  the  wheel  run  back 
and  throw  them  all  about  within  it:  which 
often  breaks  their  limbs,  and  fometimes  kills 
them.  The  late  ingenious  Mr.  Padmore  of  Brif- 
tol  (whofe  contrivance  the  forementioned  crane 
is,  io  far  as  I  can  remember  its  conftruftion, 
after  feeing  it  once  ^bout  twelve  years  ago*) 
obfcrving  this  dangerous  confiruftion,  con- 
trived a  method  for  remedying  it,  by  putting 
cogs  all  around  the  outfide  of  the  wheel,  and 
applying  a  trundle  E  to  turn  it ;  which  increafes 
the  power  as  much  as  the  number  of  cogs  in  the 
wheel  is  greater  than  the  number  of  ftaves  in 
the  trundle :  and  by  piltting  a  ratchet-wheel  F 
on  the  axis  of  the  trundle '  (as  in  the  above- 
-mentioned crane)  with  a  catch  to  fall  into  it, 
the  great  wheel  is  flopt  from  running  back  by 
the  force  of  the  weight,  even  if  all  the  men  in 

*  SiAce  the  firft  edition  of  this  book  was  printed^  I  have 
feen  the  fame  crane  again  ;  and  do  find,  that  though  the 
working  parts  are  much  the  fame  as  above  defcribed^  yet 
the  method  of  raifing  or  lowering  the  trundle  B,  and  the 
catch  R,  are  better  contrived  than  I  had  defcribed  them* 

G  4  it 


it  ihould  le^ve  off  walking.  And  by  one  man 
working  ac  ^e  winch  /^  or  two  men  at  the  op- 
pofite  winches  when  needful,  the  men  in  the 
wheel  are  much  aflifted,  and  much  greater 
weights  are  railed,  than  could  be  by  men  only 
within  the  wheel.  Mr.  Padmere  put  alio  a 
gripe-wheel  G  upon  the  axis  of  the  trundle, 
which  being  pinched  in  the  fame  manner  as  de« 
fcribed  in  the  formej*  crane,  heavy  burthens 
may  be  let  down  without  the  leaft  danger. 
And  before  this  contrivance,  the  lowering  of 
goods  was  always  attended  with  the  utmoft 
danger  to  the  men  in  the  wheel ;  as  every  one 
muft  be  feniible  of,  who  has  feen  fuch  engines 
at  work.  ^ 

And  it  is  furprifing  that  the  matters  of  wharfs 
and  cranes  Ihould  be  fo  regardlefs  of  the  limbs, 
or  even  lives  of  their  workmen,  that  excepting 
the  late  Sir  James  Creed  of  Greenwich,  and 
fome  gentlemen  at  Briftol,  there  is  fcarce  an  in- 
ftance  of  any  who  has  ufed  this  fafe  contriv- 
ance. 
Wheel-  The  ftrufture  o(  wheel-carriages  is  generally  fo 
€arna^es.  wcU  knov/n,  t-iat  it  would  be  needlels  to  dcfgribe 
them.  And  therefore,  we  iliall  only  point  out 
fome  inconveniencies  attending  the  common  me^ 
thod  of  placing   tlic   wheels,   and  loading  the 


waggons. 


In  coacher^,  and  all  other  four-wheeled  car- 
riages, the  fore- wheels  are  made  of  a  lefs  fizc 
than  the  hind  orics,  both  on  account  of  turn- 
ing fliort,  and  to  avoid  cutting  the  braces : 
otherwise,  the  carriage  would  go  much  eafier  if 
the  fore-wheels  were  as  high  as  the  hind-ones, 
and  the  higher  the  better,  becaufe  they  would 
fink  to  lefs  depths  in  little  hollowings  in  the 
foads,    and  be  the  more   eafily  drawn  out  of 

them. 
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them.  But  carriers  and  coachmen  give  another 
rcafon  for  making  the  fore-wheels  much  lower 
than  the  hind -wheels ;  merely,  that  when  they 
are  fo,  the  hind-wheels  help  to  pufh  on  the  fore 
ones :  which  is  too  unphilofophical  and  abfurd 
to  deferve  a  refutation,  and  yet  for  their  fatisfac- 
tion  we  fhall  fhew  by  experiment  that  it  has  no 
cxiftence  but  in  their  own  imaginations. 

It  is  plain  that  the  fmall  wheels  muft  turn  as 
much  oftener   round   than  the   great  ones,   as 
their  circumferences   are  lefs.     And  therefore, 
when  the  carriage  is  loaded  equally  heavy  on 
both  axles,  the  fore-axle  muft  fuftain  as  much 
more  fridion,    and   confequently   wear   out  as 
much  fooner,  than  the  hind-axle,  as  the  fore- 
wheels  are   lefs  than  the  hind-ones.     But  the 
great  misfortune  is,  that  all  the  carriers  to  a 
man  do  obftinately  perfift,  againft  the  cleareft 
reafon  and  demonftration,  in  putting  the  heavier 
part  of  the  load  upon  the  fore-axle  of  the  wag- 
gon ;  which  not  only  makes  the  friftion  greateft 
where  it  ought  to  be  leaft,  but  alfo  preffcs  the 
fore-wheels   deeper   into   the  ground    than  the 
hind-wheels,    notwithftanding    the   fore-wheels, 
being  lefs  than  the  hind  ones,  are  with  fo  much 
the  greater  difficulty  drawn  out  of  a  hole  or  over 
an   obftacle,    even    fuppofing    the    weights   on 
their  axles  were  equal.     For  the  difficulty,  with 
equal  weights,  will  be  as  the  depth  of  the  hole  Fig.  3. 
or  height  of  the  obftacle  is  to  the  femidiameter 
of  the  wheel.     Thus,  if  we  fuppofe  the  fmall 
wheel  D  of  the  waggon  AB  x.o  fall  into  a  hole 
of  the  depth  E  F,  which  is  equal  to  the  femi- 
diameter of  the  wheel,  and  the  waggon  to  be 
drawn   horizontally  along;    it   is  evident,   that 
the  point  E  of  the  fmall  wheel  will  be  drawn 
jdiredtly  againft  the  top  of  the  hole  y  and  there- 
fore. 
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fore,  all  the  power  of  horfes  and  men  will  not 
be  able  to  draw  it  out,  unlefs  the  grouitd  gives 
way  before  it.  Whereas,  if  the  hind-wheel  G 
falls  into  fuch  a  hole,  it  (inks  not  near  fo  deep 
in  proportion  to  its  femidiameter ;  and  there- 
fore,  the  point  G  of  the  large  wheel  wDl  not  be 
drawn  diredUy,  but  obliquely,  againft  the  top 
of  the  hole  j  and  fo  will  be  eafily  got  out  of  it. 
Add  to  this,  that  as  a  fmall  wheel  will  often 
fink  to  the  bottom  of  a  hole,  in  which  a  great 
wheel  will  go  but  a  very  litde  way,  the  unall 
wheels  ought  in  all  reafon  to  be  loaded  with  left 
weight  than  the  great  ones ;  and  then  the  heavier 
part  of  the  load  would  be  lefs  jolted  upward  and 
downward,  and  the  horfes  tired  fb  much  the 
lefs,  as  their  draught  raifed  the  load  to  lefi 
heights. 

It  is  true,  that  when  the  waggon-road  is 
much  up  hill,  they  may  be  danger  iti  loading 
the  hind  part  much  heavier  than  the  fore-part  j 
for  then  the  weight  would  overhang  the  hind- 
axle,  efpecially  if  the  load  be  high,  and  endan- 
ger tilting  up  the  fore-wheels  from  the  ground. 
In  this  C2&,  the  fafeft  way  would  be  to  load  it 
equally  heavy  on  both  axles ;  and  then,  as  much 
more  of  the  weight  would  be  thrown  upon  the 
hind-axle  than  upon  the  fore  one,  as  the  ground 
rifes  from  a  level  below  the  carriage.  But  as  this 
feldom  happens,  and  when  it  does,  a  fmall  tem- 
porary weight  laid  upon  the  pole  between  the 
horfes  would  overbalance  the  danger  j  and  this 
weight  might  be  thrown  into  the  waggon  when 
it  comes  to  level  ground  j  it  is  ftrange  that  an 
advantage  fo  plain  and  obvious  as  would  arife 
from  loading  the  hind-wheels  heavieft,  ihould 
not  be  laid  hold  of,  by  complying  with  this 
med'.od. 

To 
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To  confirm  thefe  reafonings  by  experiment, 
let  a  fmall  model  of  a  waggon  be  madcj  widi 
its  fore-wheels  i\  inches  in  diameter,  and  its 
hind-wheelsL  4  f  }  the  whole  model  weighing 
about  20  ounces.  Let  this  little  carriage  hi 
loaded  any  how  ^dth  weights,  and  have  a  fmall 
cord  tied  to  each  of  its  ends,  equally  high  from 
the  ground  it  reds  upon  \  and  let  it  be  drawn 
along  a  horizontal  board,  firft  by  a  weight  in  a 
fcale  hung  to  the  cord  at  the  fore-part;  the  cord' 
going  over  a  pulley  at  the  end  of  the  board 
to  facilitate  the  draught,  and  the  weight  jiifl 
fufficient  to  draw  it  along.  Then,  turn  the 
carnage,  and  hang  the  fcale  and  weight  to  the 
hind  cord,  and  it  will  be  found  to  move  along 
with  the  fame  velocity  as  at  firft :  which  fliews, 
that  the  power  required  to  draw  the  carriage  is 
all  the  fame,  whether  the  great  or  fmall  wheels 
are  foremoft ;  and  therefore  the  great  wheels  do 
pot  help  in  the  leaft  to  pulh  on  the  fmall  wheels 
in  the  road. 

Hang  the  fcale  to  the  fore-cord,  and  place 
the  fore  wheels  (which  are  the  fmall  ones)  in 
two  holes,    cur   three  eight  parts  of  an   inch 
.  deep  into  the  board  i  then  put  a  weight  of  32 
ounces  into  the  carriage,    over   the    fore-axle, 
and  an  equal  weight  over  the  hind  one :  tiiis 
done,  put  44.  ounces  into  the  fcale,  which  will 
be  juft  fufficient  to  draw  out  the  fore-wheels : 
but  if  this  weight  be  taken  out  of  the  fcale,  and 
One  of  16  ounces  put  into  its  place,  if  ihe  hind- 
Wheels  are  placed  in  the  holes,  the   16  ounce 
V^eight  will  draw  them  out ;  which  is  little  more 
than  a  third  part  of  what  was  neceffary  to  draw 
Ojt  the  fore- wheels.     This  fhews,  that  the  larger 
the  wheels  are,  the  lels  power  will  draw  the  car- 
riage, efpecially  on  rough  ground. 

Put 
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Put  64  ounces  over  the  axle  of  the-  hind« 
wheels  and  32  over  the  axle  of  the  fore,  ones, 
in  the  carriage;  and  place  the  forc-wlicels  io 
the  holes :  then,  put  38  ounces  mto  the  fcale, 
which  will  juft  draw  out  the  fore-wheds  j  and 
when  the  hind  ones  come  to  the  hole,  they  will 
find  but  very  little  refiftance,  becaufe  they  fink 
but  a  little  way  into  it. 

But  (hift  the  weights  in  the  carriage,  by  put-p 
ting  the  32  ounces  upon  the  hind-axle,  and  the 
64  ounces  upon  the  fore  one;  and  place  the 
fore-wheels  in  the  holes :  then,  if  76  ounces  be 
put  into  the  fcale,  it  will  be  found  no  more  than 
fufficient  to  dVaw  out  thefe  wheels;  which  is 
double  the  power  required  to  draw  thenv  out, 
when  the  lighter  part  of  the  load  was  put  upon 
them :  which  is  a  plain  demonftration  of  the  ab- 
furdity  of  putting  the  heavieft  part  of  the  load 
in  the  fore-part  of  the  v>  aggon. 

Every  one  knows  what  an  outcry  was  made 
by  the  generality,  if  not  the  whole  body,  of  the 
carriers,  againft  the  broad-wheel  aft;  and  how 
hard  it  was  to  perfuade  them  to  comply  with  it, 
even  though  the  government  allowed  them  to 
draw  with  more  horfes,  and  carry  greater  loads, 
than  ufual.  Their  principal  objeftion  was,  that 
ks  a  broad  wheel  muft  touch  the  ground  in  a  great 
many  more  points  than  a  narrow  wheel,  the  fric- 
tion muft  of  courfe  be  juft  fo  much  the  greater; 
and  confe'quently,  there  muft  be  fo  many  more 
horfes  than  ufual,  to  draw  the  waggon.  I  believe 
that  the  majority  of  people  were  of  the  lame 
opinion,  not  confidering,  that  if  the  whole  weight 
of  the  waggon  and  load  in  it  bears  upon  a 
great  many  points,  each  fuftains  a  propor- 
tionably  Icfs  degree  of  weight  and  friftion,  than 
when  it  bears  only  upon  a  few  points;  fo  that 

what 
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what  is  wanting  in  one,  is  nnade  up  in  the  other  \ 
and  therefore  will  be  jiift  equal  under  equal  de- 
grees of  weight,  as  may  be  (hewn  by  the  follow- 
ing plain  and  eafy  experinnent. 

Let  one  end  of  a  piece  of  packthread  be 
faftened  to  a  brick,  and  the  other  end  to  a  com- 
mon (bale  for  holding  weights :  then,  having 
laid  the  brick  edgewiie  on  a  table,  and  let  the 
fcale  hang  under  the  edge  of  the  table,  put  as 
xnuch  weight  into  the  fcale  as  will  juft  draw  the 
brick  along  the  table.  Then  taking  back  the 
brick  to  its  former  place,  lay  it  flat  on  the  table, 
and  leave  it  to  be  afted  upon  by  the  farhe  weight 
in  the  fcale  as  before,  which  will  draw  it  along 
leith  the  fame  eafe  as  v/hen  it  lay  upon  its  edge. 
In  the  former  cafe,  the  brick  may  be  confidcred 
as  a  narrow  wheel  on  the  ground ;  and  in  the 
latter  as  a  broad  wheel.  And  fince  the  brick  is 
drawn  along  with  equal  eafe,  whether  its  broad 
fide  or  narrow  edge  touches  tlie  table,  it  (hews 
that  a  broad  wheel  giight  be  drawn  along  the 
ground  with  the  fan>c  eafe  as  a  narrow  one  (fup- 
pofing  them  equally  heavy)  even  though  they 
ihould  drag,  and  not  roll,  as  they  go  along. 

As  narrow  wheels  are  always  finking  into  the 
ground,  efpecially  when  the  heavieft  part  of  the 
load  lies  upon  them,  they  muft  be  confidered  as 
going  conftantly  up  hill,  even  on  level  ground. 
And  their  fides  muft  fuftain  a  great  deal  of  fridlion 
by  rubbing  againft  the  ruts  made  by  them.  But 
both  thefe  inconveniencies  are  avoided  by  broad 
wheels  j  which,  inftead  of  cutting  and  plough- 
ing up  the  roads,  roll  them  fmooth,  and  harden 
them  J  as  experience  teftifies  in  places  where 
they  have  been  ufed,  efpecially  either  on  wettifh 
or  fandy  ground :  though  after  all  it  muft  be  con- 
fcffcd,  that  they  will  not  do  in  ftifF  clayey^  crofs 

roads  \ 
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roads;  becaufe  they  would  (bon  gather  up  as 
much  clay  as  would  be  almoft  equal  to  the 
weight  of  an  ordinary  load. 

I?  the  wheels  were  always  to  go  upon  fmooth 
and  level  ground,  the  bteft  way  would  be  to  make 
the  fpokes  perpendicular  to  the  naves ;  that  isj 
'  to  ftand  at  right  angles  to  the  axles;  becaufe 
they  would  then  bear  the  weight  of  the  load 
perpendicularly,  which  is  the  ftrongeft  way  for 
wood.  But  becaufe.  the  ground  is  generally  un- 
even^ one  wheel  often  falls  into  a  cavity  or  rue 
when  the  other  does  not ;  and  then  it  bears  much 
more  of  the  weight  than  the  other  does:  in 
which  cafe,  concave  or  difhing  wheels  are  befl^ 
becaufe  when  one  falls  into  a  rut,  and  the  other 
keeps  upon  high  ground,  the  fpokes  become  per« 
pendicular  in  the  rut,  and  therefore  have  the- 
greateft  ftrength  when  the  obliquity  of  the  load 
throws  moft  of  its  weight  upon  them ;  while 
thofe  on  the  high  ground  have  lefs  weight  to  bear^ 
and  therefore  need  not  be  at  their  full  ftrength. 
So  that  the  ufual  way  of  making  the  wheels  con- 
cave is  by  much  the  beft. 

The  axles  of  the  wheels  ought  to  be  perfeftly 
ftraighr,  that  the  rim  of  the  wheels  may  be 
parallel  to  each  other ;  for  then  they  will  move 
eafieft,  becaufe  they  will  be  at  liberty  to  go  on 
ftraight  fon^'ad.  But  in  the  ufual  way  of  prac- 
tice, the  axles  are  bent  cjownward  at  their  ends; 
which  brings  the  fides  of  the  wheels  next  the 
ground  nearer  to  one  another  than  their  oppofite 
or  higher  fides  are  :  and  this  not  only  makes  the 
wheels  to  drag  l:dewife  as  they  go  along,  and 
gives  the  load  as  much  greater  power  of  crufhing 
th:m  that  when  th.  v  are  parallel  to  each  other; 
but  idfo  endangers  t'le  over-turning  of  the  car- 
riage when  any  wheel  falls  into  a  hole  or  rut-;  or 

when 


97 


tg.i. 


See 
ge  13. 

85. 


r-4. 


h 


Of  WhetUCarriages.  *   57 

when  die  carriage  goes  in  a  road  which  has  one 
tide  lower  than  the  other,  as  along  the  fide  of  a 
bilL     Thus  (in  the  hind  view  of  a  waggon  or 
(arc)  VxAE  and  i?F  be  the  great  wheels  paral- 
Id  to  each  other,  on  their  ftraight  axle  K^  and  Fi;.  4. 
UCIiht  carriage  loaded  with  heavy  goods  from 
Cto  G.    Then,  as  the  carriage  goes  on  in  the 
AGque  road  A  aB^  the  center  ot  gravity  of  the 
iriiok  machine  and  load  will  be  at  C*;  and  the  •  See 
Jne  of  dire&ion  C dD  falling  within  the  wheel P*g«  »S* 
B  F,  the  carriage  will  not  overfct.     But  if  the 
lAcds  be  inclined  to  each  other  on  the  ground,  Fig.  $« 
'm  AE  and  BF  arcj  and  the  machine  be  loaded 
ti  before,  from  C  to  G,  the  line  of  diredion 
CdD  fiiHs  without  the  wheel  B  F,  and  the  whole 
machine  tumbles  over.    When  it  is  loaded  with 
kbnry  goods  (fuch  as  lead  or  iron)  which  lie  low,  Fig.  4* 
it  may  travel  fafely  upon  an  oblique  rbad  fb  long 
as  the  center  of  gravity  is  at  C,  and  the  line  of  di- 
fcAion  C  d  falls  within  the  wheels ;  but  if  it  be 
loaded  high  with  lighter  goods  (fuch  as  wool- 
packs)  fiom  Cto  L,  the  center  of  gravity  is  raifed  Fig.  6. 
from  Cto  Kj  which  throws  the  line  of  direftion 
JTii:  without  the  loweft  edge  of  the  wheel  5F, 
and  dien  the  load  overfets  the  waggon. 

If  riiere  be  fome  advantage  from  fmall  fore- 
wheels,  on  account  of  the  carriage  turning  more 
eafily  and  (hort  than  it  can  be  made  to  do  when 
they  are  large ;  there  is  at  lead  as  great  a  difad- 
vantage  attending  them»  which  is,  that  as  their 
axle  is  below  the  level  of  the  horfes  bread,  the 
liorfes  not  only   have   the  loaded   carriage  to 
draw  along,  but  alfo  part  of  its  weight  to  bear; 
which    tires    them    fooner,    and    makes   them 
grow  much  ftifFcr   in  their   hams,    than   they 
would  be  if  they  drew  on  a  level  with  the  fore- 
axle.     And  for  th!s  reafon,  we  find  coach  horfes 
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ibon  become  unfit  for  riding.  So  that  on  all  wc^ 
'  counts  it  is  plain^  that  the  fore*whcels  of  aU  Oar* 
riages  ought  to  be  (b  high^  as  to  have  their  axles 
even  with  the  bread  of  the  horfes ;  which  would 
not  only  give  the  horfes  a  fair  draught,  but  like^ 
wife  keep  them  longer  fit  for  drawing  the  car- 
riage. 
Kate  IX.  We  fhall  conclude  this  lefture  with  a  defcrip- 
tig.  1, 2.  tion  of  Mr.  Vauloue*%  curious  engine,  which  was 
made  ufe  of  for  driving  the  piles  of  Weflminftcr- 
bridge :  and  the  reader  may  cafl  his  eyes  upon 
the  firft  and  fecond  figures  of  the  plate,  in  which 
the  fame  letters  of  reference  are  annexed  to  the 
fame  parts,  in  order  to  explain  thofe  in  the  fe- 
cond, which  are  either  partly  or  wholly  hid  in  the 
firft. 
The  pile-  A  is  the  great  upright  fhaft  or  axle,  on  which 
€9gint.  are  the  great  wheel  B  and  drum  C,  turned  by 
horfes  joined  to  the  bars  4$",  S.  The  wheel  B  turns 
the  trundle  A",  on  the  top  of  whofe  axis  is  the 
fly  O,  which  ferves  to  regulate  the  motion,  and 
'  alfo  to  a£t  againft  the  horfes,  and  keep  them, 
from  falling  when  the  heavy  ram  ^is  difcharged 
to  drive  the  pile  P  down  into  the  mud  in  the 
bottom  of  the  river.  The  drum  C  is  loofe  upon 
the  flidft  A^  but  is  locked  to  the  wheel  B  by  the 
bolt  T.  On  this  diunfi  the  great  rope  HH  is 
wound ;  one  end  of  the  rope  being  fixed  to  the 
drum,  and  the  other  to  the  follower  G,  to  which 
it  is  conveyed  over  the  pulleys  /  and  K.  In  the 
follower  G  is  contained  the  tongs  F  (fee  Fig. 
3.)  that  takes  hold  of  the  ram  ^by  thefbipleii 
for  drawing  it  up.  Z)  is  a  fpiral  or  fufy  fixt  to 
the  drum,  on  which  is  wound  the  fmall  rope  2* 
that  goes  over  the  pulley  C/,  under  the  pulley  V^ 
and  is  faftened  to  the  top  of  the  frame  at  7.  To 
the  pulley  block  V  is  hung  thtf  counterpoife  ^ 

which 
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"^hich  hinders  the  follower  from  acceleraring  as 
it  go^s  down  to  take  hold  of  the  ram :  for^  as 
the  follower  tends  to  acquire  velocity  in  its  do- 
icent>    the  line   ^  winds  downward  upon  the 
fufy,  on  a  larger  and  larger  radius,  by  which 
means  the  counterpoife   PF  afts  ftronger  and 
stronger  againft  it;   and  fo  allows  it  to  come 
c3own  with  only  a  moderate  and  uniform  velo- 
city.    The  bolt  T  locks  the  drum  to  the  great 
awheel,  being  pulhed  upward  by  the  fmall  lever 
C  which  goes  through  a  mortife  in  the  fhaft  Ay 
turns  upon  a  pin  in  the  bar  3  fixt  to  the  great 
iwhcel  By  and  has  a  weight  4,  which  always  tends 
tx)  pufli  up  the  bolt  T  through  the  wheel  into  the 
drum.     L  is  the  great  lever  turning  on  the  axis 
fHi  and  refting  upon  the  forcing  bar  5,  5,  which 
goes  dpwn  through  a  hollow  in  the  (haft  Ay  and 
bears  up  the  little  lever  2. 

By  the  horfes  going  round,  the  great  rope  H 
is  wound  about  the  drum  C,  and  the  ram  ^  is 
drawn  up  by  the  tongs  F  in  the  follower  <?,  until 
the  tongs  comes  between  the  inclined  planes  E ; 
which,  by  (hutting  the  tongs  at  die  top,  opens  it 
at  the  foot,  and  difcharges  the  ram,  which  falls 
down  between  the  guides  b  b  upon  the  pile  Py 
*nd  drives  it  by  a  few  ftrokes  as  far  into  the  mud 
as  it  can  go ;  after  which,  the  top  part  is  fawed 
off  clofe  to  the  mud,  by  an  engine  for  that  pur* 
pofe.  Immediately  after  the  ram  is  difcharged 
the  piece  6  upon  the  follower  G  takes  hold  of  the 
ropes  ay  ^,  which  raife  the  end  of  the  lever  L,  and 
caufe  its  end  N  to  defcend  and  prefs  down  the 
forcing  bar  5  upon  the  litde  lever  2,  which  by 
pulling  down  the  bolt  Ty  unlocks  the  drum  C 
from  the  great  wheel  B  \  and  then,  the  follower, 
^ingat  liberty,  comes  down  by  its  own  weight 
to  the  ram  y  and  the  lower  ends  of  the  tongs  Hip 
H  ©vcr 
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over  the  ftaple  R^  and  the  wd^  of  their  heads  ^be 
caufes  them  to  fall  outward,  and  fhuts  up9n  <<- 
Then  the  weight  4  pulhes  up  the  bolt  T  into  the^^ 
drum,  which  locks  it  to  the  great  wheel,  and  foKiSi 
the  ram  is  drawn  up  as  before. 

As  the  follower  comes  down,  it  caufes  th^^^ 
drum  to  turn  backward,  and  unwinds  the  rop^^u 
from  it,  while  the  horfes,  great  wheel,  MiiniUi  ^l, 
and  fly,  go  on  with  an  uninterrupted  motion  ^^n: 
and  as  the  drum  is  turning  backward,  the.couiKr-n^ 
terpoife  /F  is  drawn  up,  and  its  rope  T  woui 
upon  the  Ipiral  fufy  D. 

There  are  feveral  holes  in  the  under  fide  of  f 
drum,  and  the  bolt  T  always  takes  the  firft  01 
that  it  finds  when  the  drum  Hops  by  the  falUi — =ig 
of  the  follower  upon  the  ram  j  until  which  fto^"Tv 
page,  the  bolt  has  not  time  to  flip  into  any  of  tC^  he 
noles. 

This  en^ne  was  placed  upon  a  barge  on  t'  he 
water,  and  fo  was  eafily  conveyed  to  any  pla— *cc 
defired.— I  never  had  the  good  fortune  to  fee  iti 
but  drew  this  figure  from  a  model  which  I  ma  — dc 
from  a  print  of  it ;  being  not  quite  fatisfied  w^Sth 
the  view  which  the  print  ^vcs.  1  have  be— =cn 
told  that  the  ram  was  a  ton  weight,  and  that  cr^ht 
guides  i  by  between  which  it  was  drawn  up  a_  ™ 
let  fall  down,  were  30  feet  high.  I  fuppofe  crrrhc 
great  wheel  may  have  had  100  cogs,  and  t^i^^ 
trundle  10  fbves  or  rounds;  fo  that  the  Ay 
would  make  10  revolutions  for  one  of  the  gr*^  ^^ 
wheel. 
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L  R  C  T.    V. 
Of  bjdrofiatia^  md  hydraulic  macbindi. 

rHE  fcience  of  bydroftatics  treats  of  the 
nature^  gravity^  prefturc^  and  motion  of 
uids  in  general  i  and  of  weighing  folids  in 
bcm. 

A  fluid  is  a  body  that  yields  to  the  leaft  pref-  Defini- 
uc  or  diSerence  of  prcffures.     Its  J>articles  arc  tionof  a 
i^  finally  that  they  cannot  be  difcerncd  by  the  ^*"^* 
eft  microfcopes ;  they  are  hard^  (in'ce  no  fluids 
Koepc  air  or  fteam^  can  be  preffed  into  a  leis 
M^  than  it  naturally  poflefles  %  and  they  muft  ' 
e  found  and  fmooth,  feeing  they  are  fo  eafily 
^o?ed  among  one  another^ 
^  All  bodies^  both  fluid  and  folid^  preis  down- 
^wd  by  the  force  of  gravity :  but  fluids  have 
^it  wonderful  property,  that  their  prelTure  up- 
ward and  fidewfe  is  equal  to  their  preffure  down- 
''ard;  and  this  b  always  in  proportion  to  their 
lerpehdicular  height,  without  an)r  regard  to  thcif 
^landty ;  for,  as  each  particle  Is  quite  free  to 
^lovc,  it  will  move  toward  that  part  or  fide  on 
^kkh  the  preffure  is  leaft.    And  hencci  no  par- 
«k  or  quantity  of  a  fluid  can  be  at  red,  till  it 
»  every  way  equally  preffed* 

To  fhiew  by  experiment  that  fluids  prcfs  Up-  piatc  X. 
''ard  as  well  as  downward,  let  -^5  be  a  long  Fig.  i. 
(night  tube  filled  with  water  near  to  its  topj  P^"^^' 
tid  C  D  a  fmall  tube  open  at  both  ends,  and  ^^Qch^p* 
mmerfed  into  the  water  in  the  large  one;  if  the  ward  as 
luncriion  be  quick,  you  will  fee  the  water  rife  down- 
^  Ac  fmall  tube  to  the  fame  height  that  it  (lands  ward* 
^  the  great  one,  or  until  the  furfaces  of  the 
H  2  water 
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water  in  both  are  on  the  fannc  level :  which  (hews  ^^ 
that  the  water  is  prcfTed  upward  into  the  fmall  ..^ 
tube  by  the  weight  of  what  is   in    the   great  — i 

one ;  otherwife  it  could  never  rife  therein,  con 

trary  to  its  natural  gravity ;  unlefs  the  diarneter:^-  z\ 
of  the  bore  were  fo  fmall,  that  the  attradion  oft^ 
the  tube  would  raife  the  water;  which  wili'ne —  — 
ver  happen,  if  the  tube  be  as  wide  as  that  in  s& 
connnion  barometer.  And,  as  the  water  rife  nc»^«i< 
higher  in  the  fmall  tube  than  till  its  furfacc  b^^^iD 
on  a  level  with  the  furface  of  the  water  in  th».c-:ih 
great  one,  this  (hews  that  the  preffure  is  not  ir  JE  ii 
proportion  to  the  quantity  of  water  in  the  gres^  -^a 
tube,  but  in  proportion  to  its  perpendicul^  JDa 
height  therein  :  for  there  is  much  more  water  f  L 
the  great  tube  all  around  the  fmall  one,  than  whs  -«rha 
is  raifed  to  the  fame  height  in  the  fmall  one,  s  a 
it  (lands  within  the  great. 

Take  out  the  fmall  tube,  and  let  the  wat^r»-tc 
run  out  of  it  j  tlieh  it  will  be  filled  with  aiE  -^^j 
Stop  its  upper  end  with  tlie  cork  C,  and  it  wr^s^^vi 
be  full  of  air  all  below  the  cork:  this  don  ^~MX\t 
plunge  it  again  to  the  bottom  of  the  water  in  tH  r^^h 
great  tube,  and  you  will  fee  the  water  rife  up  :  ^\ 
it  only  to  the  height  E  \  which  (hews  chat  the  jc-=.  '^^ 
is  a  body,  otherwife  it  could  not  hinder  the  wat»  r^  -*^c 
from  rifuig  up  to  the  fame  height  as  it.  did  b*  '^=:i>e 
fore,  namely,  to  -/;  and  in  fo  doing,  it  drove  tK  r^th( 
air  out  at  the  top ;  but  now  the  air  is  confine  ^nec 
by  the  cork  C:  and  it  alfo  fliews  that  the  air  '"^  i- 
a  comprelTible  body,  for  if  it  were  not  fo,  a  drc^^^^f 
of  water  could  not  enter  into  the  tube. 

The  prcflure  of  fluids  being  equal  in  all  <£i-^di- 
redions,  it  follows  that  the  fides  of  ave(rel  are  '  ^s 

much  prefltd  by  a  fluid  in  it,  all  around  in  zm  -^^Y 
given  ring  of  points,  as  the  fluid  below  that  rir»-  ^S 
is  pre(red  by  the  weight  of  all  that  (lands  abo^^'"^^^ 

it, 
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Hence  the  preflure  upon  every  point  in  die 
es,  immediately  above  the  bottom,  is  equal  to 
r  preflure  upon  every  point  of  the  bottom.  To 
!W  this  by  experiment,  let  a  hole  be  made  at  Fig.  2. 
n  the  fide  of  the  tube  AB  clofe  by  the  bot- 
n  J  and  another  hole  of  the  fame  fize  in  the 
ctom  at  Cj  then  pour  water  into  the  tube, 
sping  it  full  as  long  as  you  choofe  the  holes 
)uld  run,  and  have  two  bafons  ready  to  receive 
:  water  that  runs  through  the  two  holes,  until 
J  think  there  is  enough  in  each  bafon;  and 
1  will  find  by  meafuring  the  quantities,  that 
y  are  equal ;  which  (hews  that  the  water  rua 
Ji. equal  fpeed  through  both  holes:  which  it 
aid  not  have  done,  if  it  had  not  been  equally 
:flcd  through  them  both.  For,  if  a  hole  of 
\  fame  fize  be  made  in  the  fide  of  the  tube,  as 
yat  yi  and  if  all  three  are  permitted  to  run 
jether,  you  will  find  that  the  quantity  run 
x)u^  the  hole  at/  is  much  lefs  than  what  has 

I  in  the  fame  time  through  either  of  the  holes 
or  e. 

In  the  fame  figure,  let  a  tube  be  turned  up 
►m  the  bottom  at  e  into  the  fliape  D  £,  and 
t  hole  at  C  be  ftopt  with  a  cork.  Then,  pour 
xer  into  the  tube  to  any  height,  as  Ag^  and  it 

II  fpout  up  in  a  jet  EFG,  nearly  as  high  as  it 
kept  in  the  tube  AB,  by  continuing  to  pour 
as  much  there  as  runs  through  the  hole  E; 
lich  will  be  the  cafe  while  the  furface  Ag  keeps 
the  fame  height.  And  if  a  little  ball  of  cork 
be  laid  upon  the  top  of  the  jet,  it  will  be  fup- 
rted  thereby,  and  dance  upon  it.  The  reafon 
ly  the  jet  rifes  not  quite  fo  high  as  the  furface 
the  water  Ag^  is  owing  to  the  rcfiftance  it  meets 
th  in  the  open  air :  for,  if  a  tube,  either  great 

finally  was  fcrewed  upon  the  pipe  at  £,  the 
H  3  water 
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water  would  rife  in  )t  until  the  (lir&ce  of  thv. 
water  in  both  tubes  were  on  the  fame  level  i  n 
will  be  Ihewn  by  thf  next  experiment. 
The  hy-       Any  qiianrjty  of  a  fluid,  how  fmall  (bevcr,  may 
drufUtic    i5^  mauc  to  balance  and  fupport  any  quantity, 
faraicx.  ^^^  ^^^^^  foever.     This  is  defervedly  termed 
the  bydroftaiical  paradox^  which  we  iball  firft  Ihcw 
by  an  experiment^  and  then  account  for  it  upon 
the  principle  above -mentioned  j  namely,  that  ih$ 
trejfure  of  fiuids  is  dir fitly  as  their  fp'pen^^ular 
weighty  without  any  regard  to  their  quantity.  . 
Fif •  3*        Let  a  fmall  glafs  tube  JP  CG^  open  throughout^ 
and  bended  at  B^  be  joined  to  the  end  of  a:  great 
one  Alztcd^  where  the  great  one  is  alio  open^ 
fo  that  thefe  tubes  in  their  openings  may  freely 
communicate  with  each  other.     Then  pour  wa- 
ter throqgh  a  fmall  necked  funnel  into  the  fmall 
tube  at  //j  this  water  will  run  through  the  join-. 
|ng  of  the  tubes  at  c  d,  and  rife  up  into  the  great 
(ube ;  and  if  you  continue  pouring  until  the  fur-» 
face  of  the  water  comes  to  any  part,  as  yf,  in  the 
jgreat  tube,  nnd  then  leave  off,  you  will  fee  that 
the  fui  face  of  the  water  in  the  fmall  tube  will  be 
juft  as  high,  at  7)^    fo  that  the  perpendicular 
height  of  the  water  will  be  tlie  fame  in  both 
tubes,  however  fmall  the  one  be  in  proportion  to 
the  other,     This  Ihews,  that  the  Imall  column 
DCG  balances  and  fupports  the  great  column 
A  c  d:  which  it  could  not  do  if  their  preflTures 
were  not  equal  againft  one  another  in  the  re-« 
curved  bottom  at  5.— If  the  fmall  tube  be  made 
longer,  and  inclined  in  the  fituation  G  -p  F,  the 
iurlace  of  the  water  in  it  will  ftand  at  F,  on  the 
fame  level  with  the  furface  A  in  the  great  tubei 
that  15 1  the  water  will  have  the  fame  perpendicular 
height  in  both  tubes,  although  the  column  in  the 
foiall  tube  is  longer  than  that  in  the  great  one  s 
«  the 
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the  former  being  oblique^  and  the  latter  perpen* 
dicular. 

Since  then  the  preflure  of  fluids  is  diredUy  as 
their  perpendicular  heights,  without  any  regard 
to  their  quantities,  it  appears  that  whatever  the 
figure  or  fize  of  veflcls  be,  if  they  are  of  equal 
heights,  and  if  the  areas  of  their  bottoms  are 
equal,  die  preflures  of  equal  heights  of  water  are 
equal  upon  the  bottoms  of  theie  veflels;  even 
though  the  one.  fhould  hold  a  thoufand  or  ten 
diouiand  times  as  much  water  as  would  fill  the 
odier.  To  confirm  this  part  of  the  hydroftadcal  Fig.  4/;« 
paradox  by  an  experiment,  let  two  veflels  be 
prepared  of.equal  heights  but  very  unequal  con- 
tents, fuch  as  ^£  in  Fig.  4.  and  jiB  in  Fig. 
5.  Let  each  vefTel  be  open  at  both  ends,  and 
their  bottoms  £>//,  Dd  be  of  equal  widths.  Let 
a  brafs  bottom  C  C  be  exadly  fitted  to  each  vef» 
ftl,  not  to  go  into  it,  but  for  it  to  Hand  upon  ; 
and  let  a  piece  of  wet  leather  be  put  between 
each  veflel  and  its  brafs  bottom,  for  the  fake  of 
dofenefs.  Join  each  bottom  to  its  vefTel  by  a 
hinge  A  fb  that  it  may  open  like  the  lid  of  a 
box  i  and  let  each  bottom  be  kept  up  to  its 
veflel  by  equal  weights  E  and  E  hung  to  lines 
which  go  over  the  pulleys  F  and  F  (whofe  blocks 
are  fixol  to  the  fides  of  the  vefTels  at/)  and  the 
lines  tied  to  hooks  at  d  and  d,  fixed  in  the  brafs 
bottoms  oppofite  to  the  hinges  D  and  D.  Things 
being  thus  prepared  and  fitted,  hold  the  vefTel 
j/B  (Fig.  5.)  upright  in  your  hands  over  a  bafon 
on  a  table,  and  caufe  water  to  be  poured  into  the 
veflel  flowly,  till  the  prefTurc  of  the  water  bears 
down  its  bottom  at  the  fide  dy  and  raifes  the 
weight  E  i  and  then  part  of  the  water  will  run 
out  at  J.  Mark  the  height  at  which  the  furface 
i?  of  the  water  flood  in  the  veflel,  when  the  bot- 
H  4  torn 
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tom  began  to  give  way  at  di  and  then,  holding 
up  the  other  veffel  JB  (Fig.  4.)  in  the  fame 
manner,  caufc  water  to  be  poured  into  it  at  Hi 
and  you  will  fee  that  when  the  water  riles  to  A 
in  this  veflfel,  juft  as  high  as  it  did  in  the  former^ 
its  bottom  will  alio  give  way  at  d^  and  it  will  lofe 
part  of  the  water. 

The  natural  reaibn  of  this  furprifing  pheno- 
menon is,  that  fince  all  parts  of  a  fluid  at  equal 
depths  below  the  furface  arc  equally  prefled  in 
all  manncrr  of  directions,  the  water  immediately 
below  the  fixed  part  Bf  (Fig.  4.)  will  be  preflcd 
as  much  upward  againft  its  lower  furface  within 
the  veffel,  by  the  aftion  of  the  column  Ag^  as 
it  would  be  by  a  column  of  the  fame  height,  and 
of  any  diameter  whatever;  (as  was  evident  by 
the  exj')eriment  with  the  tube,  Fig.  3.)  and  there- 
fore, fince  aftion  and  reaftion  are  equal  and 
contrary  to  each  other,  the  water  immediately 
below  the  furface  Bf  will  be  preffed  as  much. 
downward  by  it,  as  if  it  was  immediately  touch- 
ed and  preflid  by  a  column  of  the  height  gjf^ 
and  of  the  diameter  Bf:  and  therefore,  the 
water  in  the  cavity  B  D  df  will  be  preffed  as 
much  downward  upon  its  bottom  C  C,  as  the 
bottom  of  the  other  veflel  (Fig.  5.)  is  preiledL 
by  all  the  water  above  it. 
Fig.  4.  To  illu (Irate  this  a  little  farther,  let  a  hole  be 
made  at/  in  the  fixed  top  B  /,  and  let  a  tube  Cr 
be  put  into  it ;  then,  if  water  be  poured  into  the 
tube  -//,  it  will  (after  filling  the  cavity  Bd)  rife 
up  into  the  tube  G,  until  it  comes  to  a  level  witlx 
that  in  the  tube  y/,  which  is  manifeftly  owing  to 
the  preffurc  of  the  water  in  the  tube  -/^,  upon 
that  in  the  cavity  of  the  veffel  below  it.  Con- 
fequcntly,  that  part  of  the  top  Bf  in  which  the 
hole  is  now  made,  would,   if  corked  up,   be 

preffed 
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prcfled  upward  with  a  force  equal  to  the  weight 
of  all  the  water  which  is  fupported  in  the  tube  G: 
and  the  fame  thing  would  hold  at  g^  if  a  hole 
were  nnade  there.  And  fo  if  the  whole  cover  or 
top  Bf  were  fuUof  holes,  and  had  tubes  as  high 
as  the  middle  one  Jg  put  into  them,  the  water 
in  each  tube  would  rife  to  the  fame  height  as  it  is 
kept  into  the  tube  J,  by  pouring  more  into  it> 
to  make  up  the  deficiency  that  it  fuftains  by  fup- 
plying  the  others,  until  they  are  ail  full:  and 
then  the  water  in  the  tube  A  would  iupport 
equal  heights  of  water  in  all  the  reft  of  the  tubes. 
Or,  if  all  the  tubes  except  /f,  or  any  other  one, 
^ere  taken  away,  and  a  large  tube  equal  in  dia- 
meter to  the  whole  top  5/ were  placed  upon  it, 
and  cemented  to  it,  and  then  if  water  were 
poured  into  the  tube  that  was  left  in  either  of 
the  holes,  it  would  afcend  through  all  the  reft  of 
the  holes,  until  it  filled  the  large  tube  to  the 
lame  height  that  it  ftands  in  the  fmall  one,  after 
a  fufficient  quantity  had  been  poured  into  it: 
vhich  (hews,  that  the  top  Bf  was  prefled  up- 
ward by  the  water  under  it,  and  before  any 
hole  was  made  in  it,  with  a  force  equal  to  that 
wherewith  it  is  now  prefled  downward  by  the 
weight  of  all  the  water  above  it  in  the  great 
tube.  And  therefore,  the  re-aftion  of  the  fixed 
top  Bf  nmft  be  as  great,  in  preffing  the  water 
downward  upon  the  bottom  CC,  as  the  whole 
preflure  of  the  watci-  in  the  great  tube  would 
have  been,  if  the  top  had  been  taken  away,  and 
the  water  in  that  tube  left  to  prefs  direftly  upon 
the  water  in  the  cavity  B  D  df 

Perhaps  the  beft  machine  in  the  world  for  Fig.  6. 
idemonftrating  the  upward  preflure  of  fluids,  is  The  by. 
the  hydroftatic  bellows  Ay  which  confifts  of  two  ^y^H^^ 
thick  oval  boards,  each  about  i6  inches  broad, 
and  1 8  inches  long,  covered  with  leather,   to 

open 
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open  and  (hut  Eke  a  common  bellows^  but  with- 
out valves ;  only  a  pipe  5,  about  three  feet 
high>  is  fixed  into  the  bellows  at  t.  Let  fome 
water  be  poured  into  the  pipe  at  f,  which  will 
run  into  the  bellows,  and  feparate  the  boards  a 
little*  Then  lay  three  weights  hy  f,  dy  each 
weighing  .100  pounds,  upon  the  upper  boards 
and  pour  more  water  into  the  pipe  B^  wbidi  will 
ruii  into  the  bellows,  and  raife  up  the  board  with 
all  the  weights  upon  it  5  and  if  the  pipe  be  kept 
full,  until  the  weights  are  railed  as  high  as  the 
leather  which  covers  the  bellows  will  aww  them, 
the  water  will  remain  in  the  pipe,  and  iuwport 
all  the  weights,  even  though  it  (hould  weigh  no 
more  than  a  quarter  of  a  pound,  and  they*  300  ^ 
pounds :  nor  will  all  their  force  be  able  to  caufe 
them  to  defcend  and  force  the  water  out  at  the 
top  of  the  pipe. 

The  rcafon  of  this  wU  be  made  evident,  by 
confidciing  what  has  been  already  faid  of  the 
refult  of  the  preffure  of  fluids  of  equal  heights 
without  any  regard  to  the  quantities.  For,  if  a 
hole  be  made  in  the  upper  board,  and  a  tube  be 
put  into  it,  the  water  wUl  rife  in  the  tube  to  the 
fame  height  that  it  does  in  the  pipe :  and  would 
rife  as  high  (by  fupplying  the  pipe)  in  as  many 
tubes  as  the  board  could  contain  holes.  Now, 
fuppofe  only  one  hole  to  be  made  in  any  part  of 
the  board,  of  an  equal  diameter  with  the  bore  of 
the  pipe  5 ;  and  that  the  pipe  holds  juft  a  quar- 
ter of  a  pound  of  water ;  if  a  perfon  claps*  his 
finger  upon  the  hole,  and  the  pipe  be  filled  with 
water,  he  will  find  his  finger  to  be  prcflcd  up- 
ward with  a  force  equal  to  a  quarter  of  a  pound. 
And  as  the  fame  pieflurc  is  equal  upon  all  equal 
parts  of  the  board,  each  part  whofe  area  is  equal 
to  the  area  of  the  hole,  will  be  prcffed  upward  with 
•a  force  equal  to  that  of  a  quarter  of  a  pound :  the 

fvm 
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ium  of  all  which  prefiures  againft  the  under  (ide 
cmT  an  oval  board  16  inches  broad>  and  18  inches 
long)  will  amount  to  joo  pounds  ^  and  therefore 
fo  much,  weight  will  be  raifed  up  and  fupported 
fay  a  quarter  of  a  pound  of  water  in  the  pipe. 

Hence^  if  a  man  Hands  upon  the  upper  board.  How  a 
and  blows  into  the  bellows  through  the  pipe  5,  «««  »*y 
he  will  raife  himfclf  upward  ujjon  the  board :  J?Jp^^^||^- 
ViA  the  fipaller  the  bore  of  the  pipe  is,  the  cafier  ward^Sy 
he  w31  be  able  to  raife  himfelL     And  then,  by  bis 
clapping  his  finger  upon  the  top  of  the  pipe,  he  breath, 
can  fupport  himfelf  as  long  as  he  pleafes ;  pro- 
vided the  bellows  be  air-tight  fo  as  not  to  lofe 
what  is  blown  into  it. 

This  figure,  I  confefs,  ought  to  have  been 
much  larger  than  any  other  upon  the  plate  -,  but  . 
it  was  not  thought  of,  until  all  the  reft  were 
drawn ;  and  it  could  not  fb  properly  come  into 
any  other  place. 

Upon  this  principle  of  the  upward  prcffure  of  Howfelid 
fluids,  a  piece  of  lead  may  be  madc'to  fwim  in  *«*d  may 
^water,  by  immerfing  it  to  a  proper  depth,  and|**?*?^^ 
keepii^  the  water  from  getting  above  it.    Let  i^  ^ter. 
C*  Z>  be  a  glafs   tube,   open  throughout,  and 
EFG  a  fiat  piece  of  lead,  exactly  fitted  to  the  Fig.  /• 
lower  end  of  the  tube,  not  to  go  within  it,  but 
for  it  to  ftand  upon ;  with  a  wet  leather  between 
the  lead  and  the  tube  to  make  dole  work.    Let 
this  leaden  bottom  be  half  an  inch  thick,  and 
h<e]d  clofe  to  the  tube  by  puUing  the  packthread 
JHL  upward  at  L  with  one  hand,  while  the 
tube  is  held  in  the  other  by  the  upper  end  C 
In  this  fituation,  let  the  tube  be  imnierled  in 
water  in  the  glafs  veflel  ^£,  to  the  depth  of  fuc 
inches  below  the  furface  of  the  water  at  Ki  and 
then,  the  leaden  bottom  EFG  will  be  plunged 
tQ  (he  depth  of  fomewhat  more  than  eleven  times 

its 


Its  own  thicknefs:  holjdiqg  the  tube  at  tfiat^. 
depths  you  may  let  go  the  thread  at  L;  and 
the  lead  will  not  fall  from  the  tube^  but  will  be 
kept  to  it  by  the  upward  preflure  of  the  water 
below  it^  occafionea  by  the  height  of  the  water 
at  K  above  the  level  of  the  lead.  For  as  lead  b 
1 1.33  times  as  heavy  as  its  bulk  of  waterj  and  ia 
in  this  experiment  immerfed  to  a  depth  Ibnie- 
what  more  than  11.33  times  its  thicknefe,  and 
no  water  getting  into  the  tube  between  it  and 
the  lead,  the  column  of  water  EahcG  below  the 
lead  is  preffed  upward  againft  it  by  the  water 
KDEGL  all  around  the  tube;  which  water 
being  a  little  more  than  11.33  times  as  high  as 
the  Lead  is  thick,  is  fufficient  to  balance  and  fup- 
port  the  lead  at  the  depth  K  E.  If  a  little  water 
be  poured  into  the  tube  upon  the  lead,  it  will 
increafe  the  weight  upon  the  column  of  water 
under  the  lead,  and  caule  the  lead  to  fall  from 
the  tube  to  the  bottom  of  the  glafs  veflcl,  where 
it  will  lie  in  the  fituation  /?  d.  Or,  if  the  tube  be 
raifed  a  little  in  the  water,  the  lead  will  fall  by  its 
own  weight,  which  will  then  be  too  great  for  the 
preflure  of  the  water  around  the  tube  upon  the 
column  of  water  below  it. 
How  light  Let  two  pieces  of  wood  be  planed  quite  flat,  fo 
!*^  ^^y  as  no  water  may  get  in  between  them  when  they 
to  lle\t  ^'"^  P^^^  together :  let  one  of  the  pieces,  as  ^  ^, 
the  bot-  be  cemented  to  the  bottom  of  the  veflel  A  B 
torn  of  (Fig.  7.)  and  the  other  piece  be  laid  flat  and  clofe 
^"^^*  upon  it,  and  held  down  to  it  by  a  ftick,  while 
water  is  poured  into  the  veflel ;  then  remove 
the  (tick,  and  the  upper  piece  of  wood  will  not 
rife  from  the  lower  one :  for,  as  the  upper  one  is 
pre  fled  down  both  by  its  own  weight  and  the 
weight  of  all  the  water  over  it,  while  the  con- 
trary preflure  of  the  water  is  kept  off^  by  the 

wood 
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i«^ood  under  it,  it  will  lie  as  ftill  as  a  ftone  would 
da  in  its  place.  But  if  it  be  raifed  ever  Ip  little 
at  any  edge,  fome  water  will  then  get  under  it  \ 
which  being  aftcd  upon  by  the  water  above,  will 
immediately  prefs  it  upward ;  and  as  it  is  lighter 
than  its  bulk  of  water,  it  wiD  rife,  and  float  upon 
the  furface  of  the  water. 

All  fluids  weigh  jui[l:  as  much  in  their  own 
elements  as  they  do  in  open  air.  To  prove 
tiiis  by  experiment,  let  as  much  fhot  be  put  into 
a  phial,  as,  ^en  corked,  will  make  it  fmk  in 
water:  and,  being  thus  charged,  let  it  be 
weighed,  firft  in  air,  and  then  in  water,  and 
the  weights  in  both  cafes  wrote  down.  Then, 
as  the  phial  hangs  fufpended  in  water,  and 
counterpoifed,  pull  out  the  cork,  that  water  may 
run  into  it,  and  it  will  defcend,  and  pull  down 
that  end  of  the  beam.  This  done,  put  as  much 
weight  into  the  oppofite  fcale  as  will  reftore  the 
cquipoifci  which  weight  will  be  found  to  anfwer 
cxaftly  to  the  additional  weight  of  the  phial  when 
it  is  again  weighed  in  air,  with  the  water  in.it. 

The  velocity  with  which  water  fpouts  out  at  a  The  vela. 
hole  in  the  fide  or  bottom  of  a  vefTel,  is  as  the  city  of 
fquarc  root«*  of  the  depth  or  diflance  of  the  0>o«^«8 
hole  below  the  furface  of  the  water.     For,  in  ^*'*'^* 
order  to  make  double  the  quantity  of  a  fluid 
run  through  one  hole  as  through  another  of  the 
fame  fize,  it  will  require  four  times  the  preflurc 
of  the  other,  and  therefore  mufl:  be  four  times 
the  depth  of  the  other  below  the  furface  of  the 
water :  and  for  the  fame  reafon,  three  times  the 
quantity  running  in  an  equal  time  through  the 

•  The  fqaare  root  of  any  number  is  that  which  being 
mnltiplied  by  itfelf  produces  the  faid  number.  Thus,  2 
is  the  fquare  root  of  4,  and  3  is  the  fquare  root  of  9  :  for 
%  mnltiplied  by  2  produces  4,  and  3  multiplied  by  3  pro- 
duces 9,  &c. 

famt. 


fame  fort  of  hofej  muft  run  with  diite  timet 
the  velocity,  which  will  require  nine  times  die 
preflfure ;  and  confeouently  muft  be  nine  times 
as  deep  below  the  furface  of  the  fluid  :  and  b 
on, — To  prove  this  by  an  experiment,  let  two 
Fig.  8.    pipes,  as  C  and  g^   of  equal  fized  bores,  be 
fixed  into  the  fide  of  the  veflel  AB\  the  pipe 
g  being  four  times  as  deep  below  the  furface  of 
the  water  at  b  in  the  veflel  as  the  pipe  C  is:  am) 
while  thefe  pipes  run,  let  water  be  conflantly 
poured  into  the  veflel,  to  keep  the  fiirface  ftiU 
at  the  fame  height.    Then,  it  a  cup  that  holds 
a  pint  be  fo  placed  as  to  receive  the  water  that 
ipouts  from  the  pipe  C,  and  at  the  fame  moment 
a  cup  that  holds  a  quart  be  fo  placed  as  to  re- 
ceive the  water  that  Ipouts  from  the  pipe  g^  both 
cups  will  be  filled  at  the  fame  time  by  their  re- 
Ipedtive  pipes. 
Thchori-     The  horizontal  diftance,  to  which  a  fluid  will 
zontal      (pout  from  a  horizontal  pipe,  in  any  part  of  the 
to  which  "^^  ^^  ^"  upright  veflel  below  the  furface  of  the 
water  will  fluid,  is  equal  to  twice  the  length  of  a  perpen- 
^ut       dicular  to  the  fide  of  the  veflel,  drawn  from  the 
.  ^        mouth  of  the  pipe  to  a  femicircle  defcribed  upon 
^*^"      the  altitude  of  the  fluid:    and  therefore,  the 
fluid  will  fpout  to  the  greateft  diftance  poflible 
from  a  pipe,  whofe  mouth  is  at  the  center  of 
the  femicircle  J  becaufe  a  perpendicular  to  its 
diameter  (fuppofed  parallel  to  the  fide  of  the 
veflTel)  drawn  from  tliat  point,  is  the  longeft  that 
can  poflibly  be  drawn   from  any  part  of  the 
diameter  to  the  circumference  of  the  femicircle* 
Fig.  8.     Thus,  if  the  veflTel  AB  ht  full  of  water,  the 
horizontal  pipe  D  be  in  the  middle  of  its  fide, 
and  the  femicircle  Ndcb  be  defcribed  upon  Z) 
as  a  center,  with   the  radius  or  femidiameter 
DgN,  or  Dfb,  the  pe:  pendicular  D  d  to  the 
diameter  ND  b  is  the  longeft  that  can  be  drawn 

from 
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from  any  part  of  the  dianaeter  to  the  circumfe- 
rence Ndcb.  And  if  the  vcflei  be  kept  full,  • 
the  jet  G  will  fpout  from  the  pipe  A  to  the 
horizontal  diftance  NM^  which  is  double  the 
length  of  the  perpendicular  Bd.  If  two  other 
pipes,  as  C  and  £,  be  fixed  into  the  fide  of  the 
vefiel  at  equal  diftances  above  and  below  the 
pipe  JD9  the  perpendiculars  Cc  and  Ee^  from 
thefe  pipes  to  the  femicircle,  will  be  equal ;  and 
the  jets  F  and  H  fpouting  from  them  will  each 
go  to  the  horizontal  diftance  NK'y  which  is 
double  the  length  of  either  of  the  equal  perpen- 
diculars Cc  or  E  e. 

Fluids  by  their  preffure  may  be  conveyed  over  How  w»* 
hills  and  vallies  in  bended  pipes,  to  any  height  ^^  ™^X 
not  greater  than  the  level  of  the  fpring  from  ^  ^^' 
^whence  they  Bow.  *  But  when  they  are  defigned  ©w  hill« 
'  to  be  radfed  higher  than  the  fprings,  forcing  en-  and  val- 
gines  muft  be  ufeds  which  fliall  be  defcribed^^* 
livhcn  we  come  to  treat  of  pumps. 

-A  Jtpb<»ii   generally   uied  for  decanting  li-  Thcj^- 
c^uors,  is  a  bended  pipe,  whofc  legs  are  ot  un*/^««- 
equal  lengths  \  and  the  (horteft  leg  muft  always 
be  put  into  the  liquor  intended  to  be  decanted^ 
that  die  perpendicular  altitude  of  the  column  (rf* 
liquor  in  the  other  leg  may  be  longer  than  the 
column  in  the  immerfed  leg,  especially  above 
the  fur&ce  of  the  water.    For,  if^both  coluDEins 
were  equally  high  in   chat  refpeft,  the  atnoo* 
fphere^  which  prefles  as  much  upward  as  down- 
ward,   and    therefore   a£ts    as   much   upward^ 
againft  the  column  in  the  leg  that  hangs  without  f 
the  veflel>  as  it  a£bs  downward  upon  the  fur- 
face  of  the  liauor  in  the  veflel,  would  hinder 
die  running  ot  the  liquor  through  the  fyphon^ 
even  though  it  were  brought  over  the  bended 
part  by  fudioo.    So  that  there  is  nothing  Idft  tQ 

caufe 
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caufc  the  motion  of  the  liquor,  but  the  fuperior 
weight  of  the  column,   in  the  longer  leg,  on 
account  of  its  having  the  greater  perpendicular 
height. 
Kg.  9-         Let  D  be  a  cup  filled  with  water  to  C,  and 
ABC z  fyphon,  whofe  (horter  leg  5  CF is  im- 
merfed  in  the  water  from  CtoF.    If  the  end  of 
the  other  leg  were  no  lower  than  the  line  jIC^ 
which  is  level  with  the  furface  of  the  water,  the 
lyphon   would  not  run,    even  though  the  air 
Ihould  be  drawn  out  of  it  at  the  mouth  A.     For 
although  the  fuftion  would  draw  fome  water  at 
fiift,  yet  the  water  would  ftop  at  the  moment 
the  fuftion  ceafcd  j  becaufe  the  air  would  aft  as 
much  upward  againft  the  water  at  Ay  as  it  afted 
downward  for  it  by  prefllng  on  the  furface  at  C 
But  if  the  leg  A  B  comes  down  to  G,  and  the 
air  be  drawn  out  at  G  by  fuftion,  the  water  will 
immediately  follow,  and  continue  to  run,  until 
the  furface  of  the  water  in  the  cup  comes  down 
to  F;   becaufe,    till    then,    the    perpendicular 
height  of  the  column  BAG  will  be  greater  than 
that  of  the  column  C  B  -,  and  confeauently,  its 
weight  will  be  greater,  until  the  furface  comes 
down   to   Fi   and  then   the  fyphon  will  ftop, 
though  the  leg  CF  fhould  reach  to  the  bottom 
of  the  cup.     For  which  reafon,  the   leg   that 
hangs   without  the    cup    is   always  made  long 
enough  to  reach  below  the  level  of  its  bottom ; 
as  from  d  to  E:  and  then,  when  the  fyphon  is 
emptied  of  air  by  fuftion  at  £,  the  water  im- 
mediately follows,  and  by  its  continuity  brings 
away  the  whole  from  the  cup ;  juft  as  pulling 
one  end  of  a  thread  will  make  the  whole  clue 
follow. 

If  the  perpendicular  height  of  a  fyphon,  from 
the  furface  of  the  water  to  its  bended  top  at  B, 

be 
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l)c  more  than  2Z  f^^t,  it  will  draw  no  water, 
«ven  though  the  other  leg  were  much  longer, 
and  the  fyphon  quite  emptied  of  air  i  becaufc 
The  weight  of  a  column  of  water  23  ^^^^  high, 
is  eqiial  to  the  weight  of  as  thick  a  column  of 
air,  reaching  from  the  furface  of  the  earth  to 
the  top  of  the  atmofphcre  5  fo  that  there  will 
Then  be  an  equilibrium,  and  confequently,  though 
There  Would  be  weight  enough  of  air  upon  the 
iurface  C  to  make  the  water  afcend  in  the  leg 
C  B  almoft  to  the  height  By  if  the  fyphon  were 
emptied  of  air,  yet  that  weight  would  not  be 
lufiicient  to  force  the  water  over  the  bend ;  and 
Therefore,  it  could  never  be  brought  over  into 
xhc  leg  B  A'G. 

X^et  a  hole  be  made  quite  through  the  bottom  ?\g.  10. 
of  the  cup  A^  and  the  longer  leg  of  the  bended  "ramtalw't 
lyphon  DEBG  he  cemented  into  the  hole,  fo^^ 
ihat  the  end  D  of  the  (horter  leg  D  £  nriay  al- 
xnoft  touch  the  bottom  of  the  cup  within. 

Then,  if  water  be  poured  into  this  cup,  it  will 
#i{e  in  the  fliorter  leg  by  its  upward  preflure, 
Wlriving  out  the  air  all  the  way  before  it  through 
^e  longer  leg:  and  when  the  cup  is  filled  above 
the  bend  of  the  fyphon  at  F,  the  preflure  of  the 
"vater  in  t}\p  cup  will  force  it  over  the  bend  of 
'rte  fyphon ;  ^nd  it  will  defcend  in  the  longer  leg 
C5G,  and  run  through  the  bottom,  until  the 
«up  be  emptied.    • 

This  is  generally  called  Tantalus's  cup,  and 
"^hc  legs  of  the  fyphon  in  it  are  almoft  clofe  to- 
gether ',  and  a  little  hollow  ftatue,  or  figure  of 
^  man,  is  fometimcs  put  over  the  fyphon  to  con- 
ical it  i  thc^end  E  being  within  the  neck  of 
^e  figure  9^  high  as  the  chin.  So  that  f^r 
5Mrfty  Tantalus  Hands  up  to  the  chin  in  water, 
^nnagiaing-it  will  rife  a  litde  higher,    and  he 

I  may 
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may  drink)  butinfteadef  tliat^  whtalhei 
comes  up  to  his  chin»  it  immedialdf  bc^M  m 
defcend,  and  (b,  as  he  cannot  ilMp  toftOofr* 
^  it,  he  is  left  as  much  Jpaincd  wim  dibft  w^ 
ever. 
r^/Mw-     The  device  called  tU  founimk  M  tmmmii^ 
tmn  mt     a£ts  Upon  the  fame  principle  indi  the  iypboo  \m 
2J^[^'-  the  cup.    Let  two  veflcls  il  and  H^  be  joiacd 
T\g!u    (ogc^ci'  by  ^c  pip^  ^  which  opena  kifio  tfaeoa 
both.    Let  A  be  open  at  top^  B  dofe  both  st 
top  and  bottom,  fave  only  a  fmall  hole  9t  kto 
let  the  air  get  out  of.  the  yeflel  B^  and  if  be  oT 
fuch  a  fize,  as  to  hold  about  fix  timet  at  onidi 
water  as  5.     Let  a  fyphon  D  £  F  be  Ibldeicd  tD 
the  veflel  B  at  ^,  fo  that  the  part  DEe  vasf  be 
within  die  vefiel>  and  F  without  it;  die  endD 
almoft  touching  the  bottom  of  the  veflel,  and 
the  end  F  below  the  level  of  D:  the  veficl  B 
hanging  xb  A  by  the  pipe  C  (foldered  into  bodi) 
and  the  whole  fupported  by  the  p'dlars  G  and  c 
upon  the  ftand  /.     The  bore  of  the  pipe  muft 
be  confiderably  lefs  than  the  bore  of  the  fy- 
phon. 

The  whole  being  thus  conftruftcd,  let  Ac 
veffel  A  be  filled  with  water,  which  will  run 
through  the  pipe  C,  and  fill  the  veflel  B.  When 
JB  is  filled  above  the  top  of  the  fyphon  at  j^  the 
water  will  run  through  the  fyphon,  and  be  dif- 
charged  at  F.  But  as  the  bore  of  the  fyphon 
is  larger  than  the  bore  of  the  pipe,  the  fyphon 
will  run  fafler  than  the  pipo,  and  vnll  ibcn 
empty  the  veflel  B  \  upon  which  the  water  iritt 
ceafe  from  running  through  the  fyphon  at  h 
until  the  pipe  C  refills  the  veflel  i^  and  then  it 
will  begin  to  run  as  before.  And  thus  the  fy- 
phon will  continue  to  run  and  flop  altematdf* 
until  all  the  water  in  the  veflel  «^  has  run 
3  through 
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Aitough  the  ttipe  C— So  that  after  a  few  triak, 
Oiit  vcitf  eaaly  guefs  about  what  time  the  fy- 
phon  will  fiop>  and  when  it  will  begin  to  run : 
«nd  then^  to  amufe  others^  he  may  clli  Out  ftop^ 
or  run^  accordingly. 

Upon  this  principle)  we  may  eafily  account /«/#r- 
for  iniermiitifig  or  recipriftrating  Jprings.     Let  w''»f 
jfA  be  part  of  a  hill,  within  which  there  is  a*^'^'*-^'* 
cavity  B  B ;    and  from  this  cavity  a  vcia  or  ^ig*  *• 
channel  running  in  the  direftion  BCDEk     The 
rain  that  falls  upon  the  fide  of  the  hill  will  fink 
CUid  ftrain  through  the  fmall  pores  and  crannies 
G,  G^G^Gi  and  fill  the  cavity  with  water  K. 
When  the  water  rifes  to  the  level  HHC,  the 
vein  B  CD  B  will  be  filled  to  C,  and  the  water 
Will  run  through  CDF  as  through  a  fyphon; 
which  running  will  continue  until  the  cavity  be 
rtnptied,  and  then  it  will  ftop  until  the  cavity  be 
filk^d  fltgain. 

The  camManfrnffip  (improperly  Called  tht  fuck-  The  com^ 
ing  funfp)  with  which  we  draw  water  out  ofmonfumf^ 
welky  is  an  engine  both  pneumatic  and  hydraulic. 
It  confifts  of  a  pipe  open  at  both  ends,  in  which 
is  a  moveable  piiion  or  bucket,  as  big  as  the 
bore  of  the  pipe  in  that  part  wherein  it  works ; 
and  is  leathered  round,  fo  as  to  fit  the  bore 
exadly ;  and  may  bc^  moved  up  and  down,  with- 
out fufFering  any  air  to  come  between  it  and  the 
pipe  or  pump  barrel. 

We   (hall  explain   the   conftruftion  both  of 
this  and  the  forcing-pump  by  piftures  of  glafs 
'  models,  in  which  both  the  aftion  of  the  piftons 
and  motion  of  the  valves  are  feen. 

Hold  the  model  DCBL  upright  in  the  veflTel  Fig.  3, 

of  water  Ky  the  water  being   deep  enough  to 

rife  at  leaft  as  high  as  from  A  to  L.     The  valve 

a  on  the  moveable  bucket  G,  and  the  valve  b 

I  2  on 
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on  the  fixed  box  H  fwhich  box  quite  fills  the 
bore  of  the  pipe  or  barrel  at  H)  will  each  lie 
clofe,  by  its  own  weighty  upon  die  hole  in  the 
bucket  and  box,  until  the  en^e  beeins  to 
work.  The  valves  are  made  of  brals,  and 
Imed  underneath  with  leather  for  covering  the 
holes  the  more  clofely:  and  the  bucket  G  is 
raifed  and  depreffed  alternately  by  the  handle  E 
and  rod  Dd,  the  bucket  being  fuppofed  at  B 
before  the  working  be^s. 

Take  hold  ot  the  handle  £>  and  thereby 
draw  up  the  bucket  from  B  to  C,  which  will 
make  room  for  the  bit  in  the  pump  all  the  way 
below  the  bucket  to  dilate  inelf^  by  which  its 
Ipring  is  weakened)  and  then  its  force  is.  not 
equivalent  to  the  weight  or  preflure  of  the  out- 
ward air  upon  the  water  in  the  veflfel  K:  and 
therefore,  at  the  firft  ftroke,  the  outward  air 
will  prefs  up  the  water  through  the  notched 
foot  ^,  into  the  lower  pipe,  about  as  far  as  ^: 
this  will  condenfe  the  rarefied  air  in  the  pipe 
between  e  and  C  to  the  fame  ftate  it  was  in  be* 
fore;  and  then,  as  its  fpring  within  the  pipe 
is  equal  to  the  force  or  preflfure  of  the  outward 
air,  the  water  will  rife  no  higher  by  the  firft 
ftroke ;  and  the  valve  ^,  which  was  raifed  a 
little  by  the  dilatation  of  the  air  in  the  pipe,  will 
fall,  and  flop  the  hole  in  the  box  H;  and  the 
furface  of  the  water  will  (land  at  e.  Then, 
dcprefs  the  pifton  or  bucket  from  C  to  B,  and 
as  the  air  in  the  part  B  cannot  get  back  again 
through  the  valve  i,  it  will  (as  the  bucket  dc- 
fcends)  raife  the  valve  a,  and  fo  niake  its  Way 
through  the  upper  part  of  the  barrel  d  into  the 
open  air.  But  upon  raifing  the  bucket  G  a  le- 
cond  time,  the  air  between  it  and  the  water  in 
the  lower  pipe  at  a  will  be  again  left  at  liberty  to 
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fill  a  larger  Ipace ;  and  fb  its  fpring  being  again 

weakened^  the  prcflfure  of  the  outward  air  on 

the  water  in  the  veffel  K  will  force  more  water 

up  into  the  lower  pipe  from  e  to  /;  and  when 

the  bucket  is  at  its  greateft  height  Cy  the  lower 

valve  h  wUl  faU,  and  flop  the  hole  in  the  box 

Hz&  before.    At  the  next  ftrokc  of  the  bucket 

or  piftonj  the  water  will  rife  through  the  box 

H  toward  B^  and  then  the  valve  b^  which  was 

raiied  by  it,  will  fall  when  the  bucket  G  is  at 

its  ^ateft  height.     Upon  deprefling  the  bucket 

again,  the  water  cannot  be  puflied  back  through 

the  valve  by  which  keeps  clofc  upon  the  hplc 

while  the   pifton  defcends.     And  upon  raiGng 

.the  pifton  again,  the  outward  preflfure  of  the  air 

'Will  force  the  water  up  through  //,  where  it  will 

raile   the   valve,    and    follow  the    bucket   to 

C.     Upon  the  next  dcpreffion  of  the  bucket 

G,  it  will  go  down  into  the  water  in  the  barrel 

Bi  and  as   the  water  cannot  be  driven  back 

through  the  new  clofe  valve  by  it  will  raifc  the 

valve  a  as  the  bucket  defcends,   and  will  be 

lifted  up  by  the  bucket  when  it  is  next  raifcd* 

And  now,  the  whole  fpace  below  the  bucket 

being  full,  the  water  above  it  cannot  fink  when 

it  is  next  deprcflcd ;    but  upon  its  depreffion, 

the  valve  a  will  rife  to  lee  the  bucket  go  down ; 

and  when  it  is  quite  down,  the  valve  a  will  faU 

by  its  weight,  and  ftop  the  hole  in  the  bucket. 

When  the  bucket  is  next  raifed,  all  the  water 

above  it  will  be  lifted  up,  and  begin  to  run  off 

by  the   pipe   F.     And    thus,    by   raifing  and 

deprefling  the  bucket  alternately,  there  is  ftill 

inore  water  raifed  by  it;  which  getting  above 

the  pipe  is  into  the  wide  top  ly  will  fupply 

the  pipe,  and  make  it  run  with  a  continued 

itream, 

^  I  a        *  So, 
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So^  at  cvtry  time  the  bucket  is  raifed,  (N 
yalve  b  riles^  and  the  valve  a  falls  $  and  at  cvciy 
time  the  bucket  is  deprefled^  the  vahre  i  fidls^ 
and  d  riles. 

As  it  is  the  preflure  of  the  air  or  atmofpheiie 
which  caufes  the  water  to  rife,  and  follow  the 
pifton  or  bucket  G  as  it  is  drawn  up  %  and  fince 
a  column  of  water  23  ^^^^  ^\S^  \^  ^^  equal 
weight  with  as  thick  a  cdurnn  of  the  9tmo- 
fphefe,  from  the  earth  to  the  veiy  top  of  the  air  § 
therefore,  the  perpendicular  height  of  the  piftoq 
or  bucket  from  the  fgrfaf  e  of  the  water  in  the 
well  mud  always  be  lefs  than  ^3  ^Pt;  odierwiie 
the  1^-ater  will  ncyer  get  above  the  bucket. 
But,  when  the  height  is  lefs,  the  preflure  of  the 
atmofphere  will  be  greater  than  the  weight  of 
the  water  in  the  pump,  and  will  therefore  raife 
it  above  the  bucket :  and  when  the  water  ha^ 
once  got  above  the  bucket,  it  may  be  lifted 
thereby  to  any  height,  if  the  rod  B  be  made 
iong  enough,  and  a  fuificient  degree  of  ftrength. 
be  employed,  to  raife  it  with  the  weight  of  the 
water  above  the  bucket. 

The  force  required  to  work  a  pump  will  be 
as  the  height  to  which  the  water  is  raifed,  and 
as  the  fquarc  of  the  diameter  of  the  pymp-bore, 
in  that  part  where  the  pifton  wprlcs.  So  that^ 
if  two  pumps  be  of  equal  heights^  and  one  of 
them  be  twice  as  wide  in  the  bore  fis  the  other, 
the  wideft  will  raife  four  times  as  muclf  water 
as  the  narroweft  ;  and  will  therefore  require  foxir 
times  as  much  ftrength  to  work  it. 

The  widcnefs  or  narrownefs  of  the  pump,  in 
any  other  part  befk^e  that  in  which  the  piftoq 
works,  does  not  make  the  pun-p  either  rriore  or 
lefs  difficult  to  work,  except  what  difference 
may  arife  from  the  friftion  of  the  water  in  the 

borei 
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bore ;  which  is  always  greater  in  a  narrow  bore 
dian  in  a  wide  one^  becadfe  of  the  greater  velo* 
city,  of  the  waten 

The  pump-rod  is  never  raifed  direftly  by  fucl^ 

a  handle  as  E  at  the  top,  but  by  means  of  | 

lever,  whofe  longer  arm  (at  the  end  of  which 

the  power   is  applied)    generally   exceeds  the 

length  of  the  Ihorter  arm  five  or  fix  times ;  ahd^ 

by  that  means,  it  gives  five  or  fix  times  as  much 

advantage  to  the  power.     Upon  thefe  principles, 

it  will  be  ealy  to  find  the  dimenfions  of  a  pump 

that  ihall  work  with  a  given  force,  and  draw 

water  from  any   given   depth:     Butj    as   thefe 

calculations  .have   been  generally  neglcfted  by 

pump-makers  (either  for  want  of  (kill  or  in- 

duftry)  the  following  table  was  Calculated  by  the 

late   ingenious   Mr.  Booth  for   their   benefit*. 

%n  this  calculation,  he  fuppofed  the  handle  of 

the  pump  to  be  a  lever  increafing  the  power 

five  times ;  and  had  often  found  that  a  man  can 

^ork  a  pump  four  inches  diameter,  and  30  feer 

liigh,  and  ducharge  27 1  gallons  of  water  TEng-i- 

|ifh  w^ie  meafure)  in  a  minute.     KoWj  ii  it  be 

required  to  find  the  diameter  of  a  pump,  that 

Ihall  raife  water  with  the  fame  eafe  from  any 

other  height  above  the  furface  of  the  weUi  looH 

for  that  height  in  the  firfi:  column,  anl^over* 

dgainft  it  in  the  fecond  you  have  the  diameter  or 

vddth  of  the  pump;  and  in  the  third,  you  find 

tiie  quantity  of  water  which  a  man  of  ordinary 

strength  can  difcharge  in  a  minute.  : 

*  I  have  taken  the  liberty  to  make  a  few  alterations  in 
^r.  Booth's  nombers  in  the  table,  and  to  lengthen  it  one 
from  80  feet  (o  loo. 

I  4  Height 
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Height  of  the 

Dumeter  of    the 

Water  difcbaned  Bn\ 
s  Duute,  knglida 
wiae  meafare. 

pump  above 

bore  where  the 

thefarfaccof 

backet  workt. 

the  well. 

^ 

5^    8 

g         ^ 

» 

S-    -2 

i     s 

r 

• 

• 

1 

lO 

6     .93 

81      6          1 

15 

5     .66 

54      4          1 

ao 

4     -9° 

40      7          1 

25 

4     -38 

32      6 

30 

4     .00 

27      2 

3S 

3      .70 

23      3 

40 

3      -46 

20      3 

45 

3     -27 

18      I 

50 

3     -lO 

16      3 

55 

2     .95 

14      7 

60 

a     .84 

U      5 

65 

2       .72 

12      4  . 

70 

2       .62 

11      5 

75 

2        .53 

10      7 

80 

2       .45 

10      2 

85 

2       .38 

9      5 

90 

2       .31 

?      '           \ 

9S 

2       .25 

I      ^           \ 

...100 . 

2        .19 

8       I        J 

The 
fcrcing 
pump, 
fig.  4. 


The  forcing  fuwp  raifcs  water  through  t  ^"^ 
box  H  in  the  fame  manner  as  the  common  punc:::^^ 
does,   when  the   plunger  or  pifton  g  is  lift^^ 
up  by  the  rod  t>  d.     But  this  plunger  has  r""^^ 
hole  through  it,  to  let  the  water  in  the  barr""^^ 
B  C  get  above  it,  when  it  is  deprefled  to  5,  an^^ 
the  Valve  b  (which  rofe  by  the  afcent  of  tfc::^^ 

wat^^^ 
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water  dirough  the  box  H  when  the  plunger  g 
was  drawn  up)  falls  down  and  ftops  the  hole  in 
Hy  the  moment  that  the  plunger  is  raifed  to  its 
greateft  height.  Therefore,  •  as  the  water  be- 
tween the  plunger  g  and  box  H  can  neither  get 
through  the  plunger  upon  its  defcent,  nor  back 
again  into  the  lower  part  of  the  pump  L  Cy  but 
has  a  free  paflage  by  the  cavity  around  H  into 
the  pipe  MM,  which  opens  into  the  air-veffel 
X  AT  at  Pj  the  water  is  forced  through  the  pipe 
Af  Af  by  the  defcent  of  the  plunger,  and  driven 
into  the  air-veffel ;  and  in  running  up  through 
the  pipe  at  P,  it  opens  the  valve  a  j  which  fhuts 
at  the  moment  the  plunger  begins  to  be  raifed, 
becaufe  the  aftion  of  the  water  againft  the  under 
fide  of  the  valve  then  ceafes. 

The  water^  being  thus  forced  into  the  air- 
veffel  KK  hy  repeated  ftrokes  of  the  plunger, 
gets  above  the  lower  end  of  the  pipe  G  H I^ 
and  then  begins  to  condenfe  the  air  in  the  veffel 
K  K.  For.,  as  the  pipe  G  H  \s  fixed  air-tight 
into  the  veffel  below  F,  and  the  air  has  no  way 
to  get  out  of  the  veffel  but  through  the  mouth 
of  the  pipe  at  /,  and  cannot  get  out  when  the 
mouth  /  is  covered  with  water,  and  is  more 
and  more  condenfed  as  the  water  rifes  upon  the 
pipe,  the  air  then  begins  to  adt  forcibly  by  its 
fpring  againft  the  furface  of  the  water  at  H:  and 
this  aftion  drives  the  water  up  through  the  pipe 
IHG  Fj  from  whence  it  fpouts  in  a  jet  S  to  a 
great  height;  and  is  fupplied  by  alternately  raifing 
and  depreffing  of  the  plunger  gy  which  con- 
ftantly  forces  the  water  that  it  raifes  through 
the  valve  f/,  along  the  pipe  MMj  into  the  air- 
vcffel  ITA:. 

The  higher  that  the  furface  of  the  water  //  is 
raifed  in  the  air-veffel,  the  lefs  fpace  will*  the 

air 
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air  be  condenlcd  into,  which  before  fiDod  ditt 
veflel;  and  therefore  the  force  of  its  Q^ring  vjU 
be  fo  much  the  ftroDger  upon  the  witer,  aii4 
will  drive  it  with  (^  greater  fofbo  throi^  the 
pipe  at  F:  and  as  the  fpring  of  the  air  coih 
tinues  while  the  plunger  g  is  riGng»  (he  ftreani 
or  jet  S  will  be  uniform^  as  long  as  the  'adion 
of  the  plunger  continues :  and  wjien  the  valve  4 
opensy  to  let  xk\t  water  follow  the  plunger  np- 
wardy  the  valve  a  iiiuts^  to  hinder  the  water» 
which  is  forced  into  the  air-veflel^  from  running 
back  by  the  pipe  MM  into  the  barrel  of  die 
pump. 

If  there  was  no  air^veffd  to  thb  engine^  the 
pipe  GHI  would  be  joined  to  the  pipe  MMN 
at  P  y  and  then,  the  jet  S  would  ftop  every 
time  the  plunger  is  raifcd,  and  run  only  when 
the  plunger  i.  depreffed. . 

Mr,  Newjbar)'^^  water-engine,  for  extinguifli^ 
ing  fire,  confifts  of  two  forcing  pumps,  which 
alternately  drive  water  into  a  clofe  veflel  of  airj 
and  by  forcing  the  water  into  that  veffel,  the  air 
in  it  is  thereby  condenfed,  and  comprefles  the 
water  fo  ftrongly,  that  it  rulhes  oui  with  great 
impetuofity  and  force  through  a  pipe  that  comes 
<lown  into  it ;  and  makes  a  continued  uniform 
ftream  by  the  condcnfation  uf  the  air  upon  its 
'    furface  in  the  veflel. 

By  means  of  forcing-purnps,  water  may  be 
raifed  to  any  height  above  the  level  of  a  piver 
or  fpring;  and  machines  maybe  contrived  to 
work  thefe  pumps,  eidier  by  a  running  ftream, 
a  fall  of  water,  or  by  horfes.  An  inftance  in  each 
fort  will  be  fufficient  to  fliew  the  method. 
FlateXII.  Fuit,  by  a  running  ftream,  or  a  fall  of  wa- 
Fig.  I.  ter.  Let  y^yf  be  a  wheel,  turned  by  die  fall 
of  water  BB\  and  have  any  number  of  cranks 

(fup- 
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<fuppofc  fix)  as  C,  A  ^,  F>  G,  H,  on  its  »is» 
according  to  the  ftrcngth  of  the  fall  of  water, 
and  the  height  to  which  the  water  is  intended  to 
be  raifed  by  the  engine.  As  the  wheel  turns 
round,  thefe  cranks  move  the  levers  c,  d^  ^yf^gy  b^  A  pvpp 
up  and  dowp,  by  the  iron  rods  /,  *,  /,  »,  »,  ^.wgioc  ty 
'which  alternately  raife  and  deprefs  the  piftons  by*^^ 
the  other  iron  rods  p^  y,  r,  A  ^  «>  w,  at,  j^,  in  * 
twelve  pumps  j  nine  whereof,  as  L,  AT,  N^  O,  P, 
^  re,  S  Ty  appear  in  the  plate  j  the  other  three 
being  hirl  behind  the  woric  at  V.  And  as  pipes 
may  go  from  all  thefe  pumps,  to  convey  the 
water  (drawn  up  by  them  to  a  fmall  height)  into 
a  dole  cifterii,  fropn  which  the  main  pipe  goes 
off,  the  water  wilj  be  forced  into  this  ciftern  by 
the  defcent  of  the  piftons.  And  as  each  pipe, 
going  from  its  refpeftive  pump  into  the  ciftern, 
has  a  valve  at  its  end  in  the  ciftern,  thefe  valves 
will  hinder  jthe  return  of  fhe  water  by  the  pipes  i 
and  therefore,  M^hen  the  ciftern  is  once  full,  each 
pifton  upon  its  defcent  will  force  the  water  (con- 
veyed into  the  ciftern  by  a  former  ftroke).up 
the  main  pipe^  to  the  height  the  engine  was  in- 
fended  to  raife  it:  which  height  depends  upon 
iht  quantity  raifed,  and  the  power  that  turns  the 
wheel.  When  the  power  upon  the  wheel  is  Icf- 
iened  by  any  defeft  of  the  quantity  of  water  turn- 
ing it,  a  proportionable  number  of  the  pumps 
fnay  be  fet  afide,  by  difengaging  their  rods  from 
^^c  vibrating  levers. 

This  figure  is  a  reprefentation  of  the  engine 
ercftcd  at  Blenheim  for  the  Duke  of  Marlborough^ 
by  the  late  ingenious  Mr.  jllderjca.  The  water- 
JKrheel  is  7I  feet  in  diameter,  according  to  Mr. 
Switz€r'i  account  in  his  Hydraulics. 

When  fuch  a  machine  is  placed  in  a  ftream 
^t  runs  upon  a  fmall  declivity^  the  motion  of 

the         . 


I2€  Ofl^drauUc  Enpnes. 

the  levers  and  aftion  of  the  pumps  will  be  but 
flow ;  fince  the  wheel  muft  go  once  round  for 
each  ftroke  of  the  pumps.  But,  when  rficre  is  a 
large  body  of  flow  running  water,  a  cog  or  (pur- 
wheel  may  be  placed  upon  each  fide  of  the 
water-wheel  A  Ay  upon  its  axis,  to  turn  a  trundle 
upon  each  fide  ^  the  cranks  bein^  upon  the  axis 
of  the  trundle.  And  by  proportioning  the  cog- 
wheels to  the  trundles,  the  motion  of  the  pumps 
may  be  made  quicker,  according  to  the  quantity 
and  ftrength  of  the  water  upon  the  firft  wheel  j 
which  may  be  as  great  as  the  workman  pleaies  5 
according  to  the  length  and  breadth  of  the  float- 
boards  or  wings  of  the  wheel.  In  this  manner, 
the  engine  for  raifing  water  at  London-Bridge  is 
conftruftcd  j  in  which,  the  water- wheel  is  20  feet 
diameter,  and  the  floats  14  feet  long. 
A  pomp  Where  a  fl:ream  or  fall  of  water  cannot  be  had, 
engine  to  and  gendemen  want  to  have  water  raifed,  and 
?°  ^y  brought  to  their  houfes  from  a  rivulet  or  fpring; 
this  may  be  effefted  by  a  horfe-engine,  working 
Pit.  2.  ^^^^  forcing  pumps  which  fl:and  in  a  refervoir 
filled  by  the  fpring  or  rivulet :  the  piftons  being 
moved  up  and  down  in  the  pumps  by  means  of  a 
triple  crank  A  B  Cy  which,  as  it  is  turned  round 
by  the  trundle  G,  raifes  and  deprefles  the  rods 
Dy  Ey  F.  The  trundle  may  be  turned  by  fuch  a 
wheel  as  F  in  Fig.  i.  of  Plate  VIII.  having  le- 
vers yy  yy  V,  yy  on  its  upright  axle,  to  which  hories 
may  be  joined  for  working  the  engine.  And  if 
the  wheel  has  three  times  as  many  cogs  as  the 
trundle  has  fl:aves  or  rounds,  the  trundle  and 
cranks  will  make  diree  revolutions  for  every  one 
of  the  wheel :  and  as  each  crank  will  fetch  a 
ftroke  in  the  time  it  goes  round,  the  three  cranks 
will  make  nine  ftrokes  for  every  turn  of  the  great 
wheel. 

The 
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The  cranks  fliould  be  made  of  caft  iroiij  be- 
caule  that  will  not  bend ;  and  diey  fhould  each 
make  an  angle  of  120  with  both  of  the  others j 
as  at  iij  ^>  r ;  which  is  (as  it  were)  a  view  of  their  PlateXII, 
radii^  in  looldng  endwife  at  the  axis :  and  then  ^^S*  ^* 
there  will  be  always  one  or  other  of  them  going 
downward,  which  will  pu(h  the  water  forward 
with  a  continued  flream  into  the  msun  pipe. 
Forj  when  b  is  almoft  at  its  lowed  pofition,  and 
is  therefore  juft  beginning  to  lofe  its  adtion  upon 
the  pifton  which  it  moves,  c  is  beginning  to  move 
downward)  which  will  by  its  piflon  continue  the 
propelling  force  upon  the  water :  and  when  c  is 
come  down  to  the  pofition  of  b^  a  will  be  in  the 
pofidon  of  r. 

The  more  perpendicularly  the  pifton  rods 
move  up  and  down  in  the  pumps,  the  freer  and 
better  will  their  ftrokes  be :  but  a  little  devia- 
tion &om  the  perpendicular  will  not  be  material. 
Therefore,  when  the  pump-rods  D,  ^,  and  F^ 
go  down  into  a  deep  well,  they  may  be  moved 
directly  by  the  cranks,  as  is  done  in  a  very  good 
horfe-engine  of  this  fort  at  the  late  Sir  James 
Creeds  at  Greenwkhy  which  forces  up  water  about 
64  feet  from  a  well  und^r  ground,  to  a  refervoir 
on  the  top  of  his  houfe.  But  when  the  cranks 
are  only  at  a  fmall  height  above  the  pumps,  the 
piftons  muft  be  moved  by  vibrating  levers,  as  in 
the  above  engine  at  Blenheim:  and  the  longer 
the  levers  are,  the  nearer  will  the  ftrokes  be  to  a 
perpendicular. 

Let  us  fuppofe,  that  in  fuch  an  engine  as  Sir  The 
James  Creed's^  the  great  wheel  is  12  feet  diame-  quantity 
ter,  the  trundle  4  feet,  and  the  radius  or  length  ^j^^^'^^^^ 
of  each  crank  9  inches,  working  a  pifton  in  its  beraifcd 
pump.     Let  there  be  three  pumps  in  all,  and  the  by  a 
bore  of  each  pump  be  four  inches  diameter,  ^?''^®-^"* 

Then,«*^^\ 


Then,  ifthegi«atwhedhas(hi«e^lhiikiftiMftf 
cogs  as  Che  trundle  has  fttves,  tht  tnlttidk  flnd 
cranks  wUl  gothree  times  round  for  ei^  ilhroliU 
tion  of  the  horfes  atid  wheel,  and  the'thfee  craoka 
will  make  nine  ftrokes  of  the  pumps  Hi  tfmt  tioie, 
each  ftn^e  being  1 8  inches  (or  doubfe  ilie  leiifl|A 
of  the  crank)  in  a  four-inch  bore.  Let  tfie  <ufr- 
-tneter  of  the  horfe-walk  be  18  feet,  Md  the  )^«  . 
pendicular  height  to  which  the  wat^  is  raiied 
above  the  furface  of  the  well  be  64  ftit.  ^ 

If  the  horfes  go  at  the  rate  ^  tMtf  tnilis  a 
hour  (which  is  verv  moderate  Wlkii^'thejr 
wiU  turn  the  great  wheel  187  times  round  in  a 
fcour. 

In  each  turn  of  the  wheel  the  piftons  make  9 
ftrokes  in  the  pumps,  which  amount  to  1683  in 
a  hour. 

Each  ftrcke  raifes  a  column  of  water  18  inches 
long,  and  four  inches  thick,  in  the  pump-bar- 
rels s  which  column,  upon  the  defcent  of  the 
pifton,  is  forced  into  the  main  pipe,  whofe  per- 
pendicular altitude  above  the  furface  of  the  well 
IS  64  feet. 

Now,  fince  a  column  of  water  18  inches  long, 
and  4  inches  thick,  contains  2 26, 18  cubic  inches, 
this  number  multiplied  by  1683  (the  ftrokes  in 
a  hour)  gives  380661  for  the  number  of  cubic 
inches  of  water  raifed  in  a  hour. 

A  gallon,  in  wine  mcafure,  contains  231  cubic 
inches,  by  which  divide  380661,  and  it  quotes 
1 46  8  in  round  numbers,  for  the  number  of  gallons 
raifed  in  a  hour ;  which,  divided  by  63,  gives 
261  hogftieads.— If  the  horfes  go  fafter,  the  quan- 
tity raifed  will  be  fo  much  the  greater. 

In  this  calculation  it  is  fuppolcd  that  no  water 
is  wafted  by  the  engine.  But  as  no  forcing 
engine  can  be  fuppofed  to  lofe  lefs  than  a  fifth 

part 
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part  of  the  calculated  quantity  of  water,  between 
the  piftons  and  barrels,  and  by  the  opening  and 
(hutting  of  the  valves,  the  horfes  ought  to  walk 
almoft  2i  vmlcsper  hour,  to  fetch  up  this  lofs. 

A  column  of  water  4  inches  thick,  and  64  feet 
high,  weighs  349tV  pounds  avoirdupoife>  or 
424yV-  pounds  troy  i  and  this  weight/ together  with 
the  friftion  of  the  ei%ine,  is  the  reGftance  that 
mull  be  overcome  by  the  ftrength  of  the  horfes. 

The  horfe-tackle  fliould  be  fo  contrived,  that 
the  horfes  may  rather  pufh  on  than  drag  the 
levers  after  them.  For  if  they  draw,  in  going 
round  the  walk,  the  outfide  leather  ftraps  will 
rub  againft  their  fides  and  hams ;  which  will 
hinder  them  from  drawing  at  right  angles  to  the 
levers,  and  fo  make  them  pull  at  a  difadvantage. 
But  if  they  pufti  the  levers  before  their  breads, 
inftead  of  dragging  them,  they  can  always  walk 
at  right  angles  to  thefe  levers. 

It  is  no  ways  material  what  the  diameter  of 
the  main  or  conduit  pipe  be :  for  the  whole  re- 
finance of  the  water  therein,  againft  the  horfes, 
will  be  according  to  the  height  to  which  it  is 
raifed,  and  the  diameter  of  that  part  of  the  pump 
in  which  the  pifton  works,  as  \^e  have  already 
obfcrved.  So  that  by  the  fame  pump,  an  equal 
quantity  of  water  may  be  raifed  in  (and  confe- 
'Squently  madcito  run  from)  a  pipe  of  a  foot  dia- 
meter, with  the  fame  eafe  as  in  a  pipe  of  five  or 
fix  inches :  or  rather  with  more  eale,  becaufe  its 
velocity  in  a  large  pipe  will  be  lefs  than  in  a 
fmall  one ;  and  therefore  its  fridion  againft  the 
fides  of  the  pipe  will  be  lefs  alfo. 

And  the  force  required  to  raife  water  depends 
not  upon  the  length  of  the  pipe,  but  upon  the 
perpendicular  height  to  which  it  is  raifed  therein 
above  the  level  of  th#fpring.    So  that  the  fame 

•    force. 
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forcCj  which  would  raife  water  to  the  height  A3 
Fig.  3.  in  the  upright  pipe  AiklmnopqB^  will  rule  ic 
to  the  fame  height  or  level  £  /  i^  in  the  oblique 
pipe  AEFGH.  For  thepreflureofthewaterat 
the  end  A  of  the  latter,  is  no  more  than  its  pref- 
fure  againft  the  end  A  of  the  former. 

The  weight  or  prelTure  oi  water  at  the  lower 
end  of  the  pipe,  is  always  as  the  fine  of  die 
angle  to  which  the  pipe  is  elevated  above  the 
level  parallel  to  the  horizon.  For^  although  the 
water  in  the  upright  pipe  A  B  would  require  t 
force  applied-  immediately  to  the  lower  end  A 
equal  to  the  weight  of  all  the  water  in  it,  to  fiip- 
port  the  water,  and  a  little  more  to  drive  it  up, 
and  out  of  the  pipe;  yet,  if  that  pipe  be  inclined 
from  its  upright  pofition  to  an  angle  of  80  de- 
grees (as  in  A  80)  the  force  required  to  (upport 
or  to  raife  the  fame  cylinder  ot  water  will  then 
be  as  much  lefs,  as  the  fine  80  b  is  leis  than  the 
radius  AB;  or  as  the  fine  of  80  degrees  is  leis 
than  the  fine  of  90.  And  fo,  decreafing  as  the 
fine  of  the  angle  of  elevation  leffens,  until  it  ar- 
rives at  its  level  AC  or  place  of  reft,  where  the 
.  force  of  the  water  is  nothing  at  either  end  of  the 
pipe.  For,  ahhough  the  abfolute  weight  of  the 
water  is  the  fame  in  all  pofitions,  yet  its  prcflure 
at  the  lower  end  decreafcs,  as  the  fine  of  the  angle 
of  elevation  decreafes ;  as  will  appear  plainly  b/ 
a  farther  confideration  of  the  figure. 

Let  two  pipes,  A  B  and  A  C\  of  equal  lengths 
and  bores,  join  each  other  at  A-^  and  let  the  pipe 
A  B  be  divided  into  100  equal  parts,  as  the  fcalc 
S  is  i  whofe  length  is  equal  to  the  length  of  the 
pipe. — Upon  this  length,  as  a  radigs,  defcribc 
the  quadrant  B  CD^  and  divide  it  into  90  equal 
parts  or  degrees. 

Let  di(i  pipe  AC  he  n|^vated  to  10  degrees 

upon 


upon  the  quadranti  and  filled  with  water;  therij 
part  of  the  water  that  is  in  it  will  rife  in  the 
pipe  yf  jB,  and  if  it  be  kept  full  of  water,  it  will 
raife  the  water  in  the  pipe  ^  B  from  -^  to  i; 
that  isy  to  a  level  /  lo  with  the  mouth  of  the 
pipe  at  ro:  and  the  upright  line  a  lo,  equal  to 
-^/,  will  be  the  fine  of  lo  degrees  elevation; 
which  being  meafiired  upon  the  fcale  Sy  will  be 
about  17.4  of  fuch  parts  as  the  pipe  contains  ' 
100  in  length :  and  therefore,  the  force  or  pref- 
fure  of  the  water  at  y/,  in  the  pipe  yf  10,  will 
be  to  the  force  or  preffure  at  /^  in  the  pipe  jiBi 
as  17-4  to  ICG, 

Let  the  fame  pipe  be  elevated  to  ao  degrees 
in  the  quadrant,  and  if  it  be  kept  full  of  water, 
part  of  that  water  will  run  into  the  pipe  y/jp, 
and  rife  therein  to    the  height  yi  k,  which  is 
equal  to  the  length  of  the  upright  line  ^  20,  or 
to  the  fine  of  20  degrees  elevation ;  which,  be- 
ing meafured  upon  the  fcale  S,  will  be  34.2  of 
fuch  parts  as  the  pipe  contains  100  in  length. 
-^nd  therefore,  the  preffure  of  the  water  at  A, 
in  the  full  pipe  yf  20,  will  be  to  its  preffure,  if 
^hat  pipe  were  raifed  to  the  perpendicular  fitua- 
^on  ABy  z&  34.2  to  100. 

Elevate  the  pipe  to  the  pofuion  A  30  on  thd 
<)uadrant,  and  if  it  be  fupplied  with  water,  thd 
'Water  will  rife  from  it,  into  the  pipe  A  By  to 
t:hc  height  Aly  or  to  the  fame  level  with  the 
i>iouth  of  the  pipe  at  30.  The  fine  of  this  ele- 
vation, or  of  the  angle  of  30  d -grees,  is  r  30 ; 
'Which  is  luft  equal  to  half  the  length  of  the  pipe, 
Or  to  50  of  fuch  parts  of  the  fcale,  as  the  length 
of  the  pipe  contains  100.  Therefore,  the  pref- 
llirc  of  the  water  at  Ay  in  a  pipe  elevated  30 
degrees  above  the  horizontal  level,  will  be  equal 
to  one  half  of  what  it  would  be,  if  the  fame  pipe 
ftood  upright  in  the  fituation  AB, 

K  And 


And  thus^  by  elevating  the  pipe  to  4i3^  51^ 
60j  70j  and  80  degrees  on  the  quadrant^  dir 
fines  of  thefe  elevations  will  be  4/  4O9  #  5o»  /6i^ 
'7O9  and  h%o\  which  will  be'equd  to  the 
ei^ts  Jlm^^AHy  Afi^  Jlp^  and  ^;  and  thefe 
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Sine  of 

Pare. 

line  of 

P4ru 

Sine  of 

Pan*  p 

D.I 

17 

i^.JI 

D.61 

875 

f  1 

35  , 

32 

530 

62 

883 

3 

52 

S^ 

545 

63 

891  i 

4 

70 

3+ 

559 

64 

899  : 

S 

87 

3* 

573 

65 

906 

6 

104 

36 

588 

66 

9»3 

7 

112 

37 

.  602 

67 

920 

8 

U9 

38 

6i6 

68 

927 

9 

156 

39 

,  629 

'  69' 

934  ; 

10 

174 

40 

\  643 

70 

940 

II 

191 

41 

656 

'  71 

945  . 

12 

ao8 

42 

669 

72 

95  > 

13 

225 

43 

6S2 

73 

956 

14 

242 

4+ 

695 

74 

961 

»5 

259 

45 

707 

\    75 

966 

16 

276 

46 

719 

76 

970 

17 

292 

47 

73i 

.  77 

974 

18 

309 

48 

743 

78 

978 

,  19 

325 

49 

755 

79 

982 

20 

342 

5° 

766 

80 

9»5 

31 

358 

5> 

777 

81 

988 

:•  22 

375 

52 

78S 

82 

990 

23 

391 

53 

,799 

83 

S^i 

24 

407 

54 

809 

84 

994 

25 

423 

55 

819 

85 

996 

26 

438 

56 

829 

86 

997 

27 

454 

57 

839 

87 

998  , 

23 

29 

469 

S3 

848 

88 

999 

485 

59 

857 

89 

1000 

1  30 

500 

60 

866 

.JP. 

1000  1 

hei^^ 


heights  mcafured  upon  the  (cale  S  will  h6 
64*;?,  76,6,  86.6i  94.0^  and  98.5 ;  which  ex- 
prcfs  the  preflfures  at  A  in  all  thefe  elevations, 
confidering  the  preflure  in  the  upright  pipe  AB 
as  loo. 

Becaufe  it  may  be  of^  ufe  to  have  the  Itngths 
of  all  the  fines  of  a  quadrant  from  o  degrees 
to  90,  we  have  given  the  foregoing  table,  (hew- 
ing the  length  of  the  fine  of  every  degree  in 
fuch  parts  as  the  whole  pipe  (equal  to  the  radius 
of  the  quadrant)  contains  icxx>.  Then  the  fines 
will  be  integral  or  whole  parts  in  length.  But 
if  you  fuppofe  the  kngth  of  the  pipe  to  be  di- 
vided only  into  100  equal  parts,  thd  laft  figure 
of  each  part  or  fine  muft  be  cut  off  as  a  decimal  j 
and  then  thofe  which  remain  at  the  left  hand 
of  this .  leparation  will  be  integral  or  whote 
parts« 

Thus,  if  the  radius  of  the  quadrant  (fup- 
pofed  to' be  equal  to  the  length  of  the  pipe  AC) 
be  divided  into  1000  equal  parts,  and  the  ele- 
vation be  45  degrees,  the  fine  of  that  elevation 
ivill  be  equal  to  707  of  thefe  parts :  but  if  the 
radius  be  divided  only  into  100  equal  parts,  the 
fame  fine  will  be  only  70.7  or  70^7^  of  thefe 
parts*    For,  as  looo  is  to  707,  io  is  ido  to 

As  it  is  of  great  importance  to  all  engine-* 
makers^  to  know  what  quantity  and  weight  of 
water  will  be  contained  in  an  upright  round 
pipe  of  a  given  diameter  and  height;  fo  as  by 
knowing  what  weight  is  to  be  r^ifed,  they  may 
proportion  their  engines  to  the  force  which 
they  can  afford  to  work  them ;  we  fliall  fubjoiri 
tables  ftiewing  the  number  of  cubic  inches  of 
water  contained  in  an  upright  pipe  of  a  round 
bore,  of  any  diameter  from  one  inch  to  fix  and 
K.  2  a  half  I ' 
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a  half;  and  of  any  height  from  (Hie  foot  to  \ 
hundred :  together  i^idi  the  weight  of  the  faid 
number  of  cubic  inches^  both  in  troy  and  avoir- 
dupoife  ounces.  The  number  of  cubic  inches 
divided  by  231,  will  reduce  the  water  to  gallons 
in  wine  meafure;  and  divided  by  282,  will  re-* 
duce  it  to  the  meafure  of  ale  gallons.  Alib» 
the  troy  ounces  divided  by  ia»  will  reduce  the 
weight  to  troy  pounds:  and  the  avoirdupoilc 
ounces  divided  by  i6j  will  reduce  the  weight  to 
avoirdupoife  pounds. 

And  here  I  mud  repeat  it  again>  that  the 
weight  or  prcflure  of  the  water  afting  againft 
the  power  that  works  the  engine,  muft  always 
be  cffimated  according  to  the  perpendicular 
lieight  to  which  it  is  to  be  raifed,  without  any 
regard  to  the  length  of  the  conduft-pipe,  when 
it  has  an  oblique  pofition  j  ^nd  as  if  the  diame- 
ter of  that  pipe  were  juft  equal  to  the  diameter 
of  that  part  of  the  pump  in  which  the  pifton 
works.  Thus,  by  the  following  tables,  the 
prcflure  of  the  water,  againft  an  engine  whofc 
pump  is  6f  a  4^-  inch  bore,  and  the  perpendicu- 
lar height  of  the  water  in  the  conduft-pipe  is 
80  feet,  will  be  equal  to  8057.5  troy  ounces,  and 
to  8848.2  avoirdupoife  ounces;  which  makes 
671.4  troy  pounds,  and  553  avoirdupoife. 

For  any  bore  whofe  diameter  exceeds  6{ 
inches,  multiply  the  numbers  on  the  following 
page,  againft  any  height  (belonging  to  i  inch 
diameter)  by  the  fquare  of  the  diameter  of  the 
given  bore,  and  the  products  will  be  the  num- 
ber of  cubic  inches,  troy  ounces,  and  avoirdu- 
poife ounces  of  water,  that  the  given  bore  will 
contain. 
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f 

I  Inch 

I  diantieter. 
Weight 

Quantity 

In  avoir- 

:i-  ■ 

in  cubic 

in  troy 

dupoife 

?- 

inches. 

ounces. 

ounces. 

I 

9.42 

4.97 

5.46 

a 

11.85 

9-95 

10.92 

3 

28.27 

14.92 

16.38 

4 

3770 

19.89 

21.85 

5 

47.12 

24.87 

27.31 

6 

56.55 

29.84 

3^-77 

7 

65.97 

34.82 

3^-^3 

8 

75-40 

39-79 

43-69 

9 

84.82 

44.76 

49.16 

lO 

94.25 

49-74 

54.62 

ao 

188.49 

99.4» 

109.24 

30 

282.74 

149.21 

163.86 

40 

376.99 

198.95 

218.47 

r 

47 1 -n 

248.69 

273.09 

60 

565.49 

298.43 

327.71 

70 

(>S9'13 

34i<-i7 

3^^-33 

80 

7S3'9^ 

397.90 

436.95 

90 

848.23 

447.64 

491.57 

ipo 

942.48 

497.38 

546.19 

200 

1884.96 

994-76 

1092.38 

Example^    Required  the  number  of  cubic  inches,   and  the 
nAfeigbt  of  the  nvater,  in  an  u fright  fife  278  feet  high,  and 
1 1  inch  diameter  f 
Here  the  neareil  fingle 

decimal  figure  is  only  taken 

into  the  account:  and  the 

whole  being  reduced  by 

divifion^  anoounts  to  25^ 

wine  gallons  in  meafure ; 

to  2  59  J  pounds  troy,  and 

to  2 13I  pounds  avoirdu- 

poifc. 


Cubic     Troy  Avoird, 

Feet     inches    oz.    '       oz. 

200-4241 . 1  -223  8.2-2457.8 

70-1484.4-  783.3-  860.2 

8-  169.6-     89.5-    98.3 


Anf.  278-5895.1-31  II. 0-341 6.3 
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Thefc 


Li— --T— "TT,  \  Tn  avoir- 1 
inches.      11         — 


63.6a 

106.03 

i69>6S 
190.*  5 


11. »9 

5S-9S 

67. iS 
74-3+ 

«9-53 

100.71 

111-9^ 


.-v.'J9 

36.ft7 

49»<> 
61.+S 

73-73 

98.3* 
110.60 

iaa.89 


4a+-^' 
636-^7 
§48.13 
io6o.i9 

ia7i-35 


aa3-** 

447.64 

559-55 
671.46 


145-7* 
368 .6« 

49^-57 
6 1 4-+^ 

737-3S 


i 


go  \  i9°^-5a 


7»3-3/  \.  083.14 


L  tranfcnbing         taken  tnto^c         ^^ 
{p^ctitnesou 


Tl/i^q/tatkai  fdhUu 
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1  Inches  diameter.               !] 

1 

Quantity 

Weight 

In  avoir- 

cr 

in  cubic  - 

in  troy    ' 

dupoife    : 

• 

I 

inches. 

ounces. 

ounces. 

37-70  : 

19.89  j 

21.85 

2 

75-40 

39-79 

43-69 

3' 

113.10  : 

59-68 

65.54 

4 

J  to.8o 

79-58 

87-39 

5 

1^8^50 

99-47  ■ 

109.24 

6 

226.19 '. 

263.89  ; 

"9-37 

131.08  '■■ 

7 

139.26  1 

152-93 

s; 

301.59 : 

159.16 

«74,78 

9 

3i9'^9 

179.06 

196.63 

lO  1 

376.99  ' 

198.95 

218.47 

20  • 

753'98 

397.90 

436-95 

30 

1130.97: 

596.85 

655.42 

40 

1507.97  ' 

795.80 

873-90 

50 

1884.^6 

994.75 

1092.37 
1310.85 

60 

70 

22^1.95  , 

1193.70 

2638.94 

1392.65 

1529-32 

80 

3015-93 

1591.60 

i74y.8o 

90 

3392-94 

1790.56 

1966.27 

100 

.3769.91 

1989.51 

2184.75 

aoo 

7539-8* 

3979-00 

4369.50 

tor  computing  to  hundredth  parts  of  an  inch  or 
x>£  an  ounce  in  pnU^ice.  And  as  they  never 
appeared  in  print  before^  it  may  not  be  amils 
CO  give  the  reader  an  account  ot  the  principles 
tjpon  which  they  were  conftruded. 

K  4  The 
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24.  Inches  diameter.               | 

Quantity 

Weight 

In  avoir- 

rt 

in  cubic 

m  troy 

dupoife 

• 

I 

inches. 

ounces. 

ounces. 

58.90 

31.08 

34.14 

2 

117.81 

62.17 

68.27 

3 

176.71 

93.26 

102.41 

4 

235.62 

124.34 

IJ6-55 

5 

6 

294.52 

155-43 

170.68 

353.43 

186.52 

204.82 

7 

412.33 

•  217.60 

ni.9^ 

8 

471-24 

248.69 

273.09 

9 

530.14 

279.77 

307.23 

10 

20 

589.05 

310.86 

341.37 
682.73 

1178.10 

621.72 

30 

1767.15 

932.58 

1024.10 

40 

2356.20 

1243-44 

1365.47 

50 

2545.25 

1554.30 

1706.83 

60 

70 

3534.29 

1865.16 

2048.20 

4123.34 

2176.02 

2389.57 

80 

47^2.39 

2486.88 

2730.94 

90 

5301.44 

2797.74 

3072.30 

100 

5890.49 

3108.60 

2413.67 

200 

11780.98 

6217.20 

4827.34 

The  foHdiry  of  cylinders  are  found  by  mul- 
riplying  the  areas  of  dicir  bafes  by  their  alti- 
tudes. And  Arc!Hmedes  gives  the  following 
proportion  for  finding  the  area  of  a  circle,  and 
fhe  folidity  of  a  cylinder  raifed  upon  that  circle: 


Hjfdroftaticttl  tahUs. 
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3  inches  diameter 

. 

2 

3 

4 
5 

6 

7 
8 

9 
10 

Quantity 
in  cubic 
inches. 

Weight 
in   troy 
ounces. 

In  avoir- 
dupoife 
ounces. 

84.8 
169.6 

254-5 

^39-3 
424.1 

44.76 

89.53 
134-29 
179.06 

223.82 

49.16 
98.31 

147.47 
196.63 

245.78 

508.9 

593-7 
698.6 

763-4 
848.2 

268.58 

3^3'3S 
358.11 

402.87 
447-64 

294-94 
344.10 

393'^S 
442.41 
491-57 

20 

30 
40 

50 
60 

70 

80 

90 

100 

2CX) 

1696.5 
2544-7  • 
5392-9 
4241. 1 - 
5089.4 

895.28 
1342.92 
1790.56 
2238.19 
2685.83 

983.14 

1474.70 
1966.27 

2457.84 
2949-41 

5937-6 
6785.8 

7634-1 

8482.3 

i6964.i5 

3133-47 
3581.11 
4028.75 

4476.39 
8952.78 

3440.98 

393^'SS 
4424.12^ 

4915.68 

9831-36 

As  I  is  to  0.785^99,  fo  is  the  fquare  of  the 
amcter  to  the  area  of  the  circle.  And  as  i  is 
o.785;j99,  fa  is  the  fquare  of  the  diameter 
ultiplied  by  the  height  to  the  folidity  of  the 
Under.     By  this  analogy  the  folid  inches  and 

parts 
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4  Inches  diameter. 

? 

Quantity 

Weight 
in  troy 

In  avoir- 

in  .cubic 

dupoife 

"P- 

I 

inches. 

ounces. 

ounces. 

150.8 

79.6 

87.4 

2 

301.6 

159.2 

174.8 

3 

452.4 

238.7 

262.2 

4 

603.2 

318-3 

349'^ 

5 
6 

754.0 

397r9 

436.9 

904.8 

477.5 

514.3 

7 

1055.6 

557-1 

611.7 

8 

1206.4 

636.6 

699.1 

9 

1357.2 

7 16.2 

786.5 

lO 

ao 

1508.0 

795.8 

873.9 

3' 15-9 

1591.6 

1747.8 

30 

4513-9 

4387.4 

2621.7 

40 

6031.9. 

3183.2 

3^9S'6 

5.0 

7^39.8 

3997.0 

4369.5 

60 

70 

9047.8 

4774.8 

5143.4 

10555.8 

5570.6 

6117.3 

80 

12063.7 

6366.4 

6991.2 

90 

1 357 1. 7 

7162.2 

7865.1 

100 

15079.7       7958.0 

8739.0 

200 

30159.3     15916.0 

17478.Q 

141 


Ir.    Wyberd    and  others,    to    be    76   pounds 
oy,  which  is  equal  to  62.5  pounds  avoirdu- The 
oife.    Therefore,  fince  there  arc  1728  cubic  wight  of 
iches  in  a  cubic  foot,  a  troy  ounce  of  water  '"nning 
jntains  1.8949  cubic  inchj  and  an  avoirdupoife  ^*^^* 

ounce 
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4^  Inches  diameter.             | 

? 

Quantity 

Weight 

In  avoir- 

3: 

in  cubic 

in  troy 

dupoiie 

?■ 

in<(hes. 

ounces. 

ounces. 

I 

190.8 

100.7, 

jia6 

2 

381.7 

201.4 

221.2 

3 

572.6 

302.2 

33^'^ 

4 

763.4 

402.9 

441.4 

5 
6 

954.3 

SP3.6 

553-^ 

1 145.1 

604.3 

663.6 

7 

1338.0 

705.0 

774.2- 

8 

1526.8 

805.7 

884.8 

9 

1717.7 

906.5 

995-+ 

lO 

1908.5 

1007.2 

1106.0 

20 

3817.0 

2014.4. 

2212.1 

30 

5725.6 

3021.6 

3818.1 

40 

7634.1 

4028.7 

4424.1 

50 

9542.6 

5035.9 

5530.1 

60 

11451.1 

6043.1 

6636.2 

70 

13359-6 

7050.3 

7742.2 

80 

15268.2 

8057.5 

8848.2 

90 

17176.7 

9064.7 

995^3 

lOO 

19085.2 

10071.9 

1 1060.3 

200 

38170.4. 

20143.8 

22120.6 

ounce  of  water  1.72556  cubic  inch.  Confe- 
quently,  if  the  number  of  cubic  inches  con- 
tained in  any  given  cylinder,  be  divided  by 
1.8949,  it  will  give  the  weight  in  troy  ounces; 
^nd  divided  by  1.72556,  will  give  the  weight 

in 
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5  Inches  diameter 

8= 

Quantity 

Weight 

In  avoir- 

rr 

in  cubic 

m  troy 

dupoife 

• 

inches. 

ounces. 

ounces. 

235.6 

124.3 

J36.5 

2 

471-2 

248.7 

273.1 

3 

706.6 

373.0 

409.6 

4 

942.5 

497.4 

546.2 

5 
6 

1178.1 

621.7 

682.7 

'4I3-7 

746.1 

819.3 

7 

1649.3 

870.4 

955.8 

8 

1885.0 

994.8 

1092.4 

9 

2120.6 

1119.1 

1228.9 

lO 

20 

■  2356.2 

1243.4 

^2f>i'S 

4712.4 

2486.9 

2730.9 

30 

7068.6 

3730.3 

4096.4 

40 

9424.8 

4973.8 

5461.9 

50 

11780.0 

6217.2 

6827.3 

60 

14137.2 

7460.6 

8192.8 

70 

16493.4 

8704.1 

9558.3 

80 

18849.6 

'9947-5 

10923.7 

90 

21205.8 

11191.0 

12289.2 

100 

23562.0 

12434.4 

13654.7 

200 

4.7124.0 

24868.8 

27309.3 

1  avoirdupoife  ounces.  By  this  method,  the* 
weights  fhewn  in  the  tables  were  calculated  j  and 
re  near  enough  for  any  common  pra&ice. 

The  fire-engine  comes  next  in  order  to  be  ex-  The/r/- 
laincd  i  but  as  it  would  be  difficult,  even  by  ''^''*'' 

the 
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5i  inches  diameter.          .  V 

1 

Quantity 

Weiglic 

In  avbirr 

in  cubic 

in  troy 

duponie 

f 

inches. 

ounces. 

ounces. 

I 

a85<i 

ISO'S 

164-3 

1 

57aa 

300.9 

Z'i^^'i 

3 

^n-z 

4Si«* 

492.8 

4 

1 140.4 

601.8 

657.1 

5 

1425.5 

7S*-3 

8ai.3 

6 

1710.6 

902.7 

985.6 

7 

1995-7 

1053.2 

1 149.9 

8 

2280.8 

1 203.6 

1314.2 

9 

•x^^S.s 

1354.1 

1478.4 

lO 

2851.0 

1504.6 

1642.7 

20 

5702.0 

3009.1 

3>8S.4 

30 

8553.0 

4513.7 

4928.1 

40 

1 1404.0 

6018.2 

6570.8 

50 

14255.0 

7522.8 

8213.5 

60 

70 

17106.0 

9027.4 

9856.2 

19957.0 

10531.9 

11498.9 

80 

22808.0 

42036.5 

13141.6 

90 

25659.0 

I354I.1 

•  14784.3 

100 

28510.0 

15045.6 

16426.9 

200 

^7020.0 

30091.2 

32853.9 

the  bcft  plates,  to  give  a  particular  dcfcription  of 
its  (everal  parts>  fo  as  to  make  the  whole  intel- 
ligible,  I  (hall  only  explain  the  principles  upcm 
which  it  is  conftru^d. 

!•  What- 


fffdnfiaHcal  Tabia, 


T45 


6  Inches  diameter. 

j{     Quantity 

Weight 

In  aVoir- 

rt 

in  cubic 

in  troy 

dupoife 

eg: 

• 

inches. 

ounces. 

ounces. 

339-3 

i'79.i 

196.6 

2 

678.6 

358.1 

393.3 

3 

1017.9 

537.2 

589.9 

4 

1357.2 
1696.5 

716.2 

786.5 

5 
6 

^S-3 

9^3-1 

2035.7 

1074.3 

1179.8 

7 

2375-0 

1253.4 

1376.4 

8 

2714.3 

1432.4 

1573.0 

9 

3053.6 

•  1611.5 

1769.6 

lO 

339^-9 

1790.6 

1966.3 

6785.8 

3581.1 

3932.5 

30 

10178.8 

S371-7 

5898.8 

40 

13571-7 

7162.2 

7865.1 

50 

16964.6 

8952.8 

9831.4 

60 

20357-5 

"0743.3 

11797.6 

70 

23750.5 

12533.9 

13163-9 

80 

^11^3-A 

14324.4 

15730.2 

90 

30536.3 

16115.0 

17696.5 

100 

33929.2 

17905.6 

19662.7 

200 

67858.4 1  35811.4 

39325.4 

1.  Whatevfer  weight  of  water  is  to  be  raifed, 
the  pump-rod  muft  be  loaded  with  weighty  fuf- 
ficient  for  that  purpofe,  if  it  be  done  bjr  a 
forcing-pump>  as  is  generally  the  cafe  5  and  the 

power 
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6i  Inches  diamecer.               | 

? 

Qiiantity 

Weight 

In  avoir- 

in.  cubic 

in  troy 

dupoife 

• 

inches. 

ounces. 

ounces. 

.  39^-'2- 

2 10. 1 

230.7 

a 

797.4 

^20.3 

461.4 

3 

1 195.6 

630.4 

692.1 

4 

1593.8 

840.6 

922.8 

5 

1991.9 

ioj;o.8 

1 1 53.6 

6 

139^'^ 

1260.9 

1384.3 

7 

2788.3 

1471.1 

1615.9 

8 

3186.5 

1681.2 

1845.7 

9 

3584.7 

1891.3 

2076.4 

lO 

ao 

3982.9 

2101.5 

2307.1 

7965.8 

4202.9 

4614.3 

30 

1 1948.8 

6304.4 

6921.4 

40 

J593I.7 

8405.9 

9228.6 

50 

1 9914.6 

10507.4 

"535-7 

60 

70 

23897.9 

12608.9 

13842.9 

27880.5 

14710-4 

16 1 50.0 

80 

31863.4 

i63ii.8 

18457.2 

90 

35846.3 

18913.3 

20764.3 

100 

39829.3 

21014.8 

23071.5 

aoo 

79658.6 

42029.6 

46143.0 

power  of  the  engine  muft  be  fufficicnt  for  the 
weight  of  the  rod,  in  order  to  bring  it  lip. 

2.  It  is  known,  that  the  atmofphere  prefles 
upon  the  furface  of  the  earth  with  a  force  equal. 
to  15  pounds  upon  every  fquarc  inch. 

3.  Whea 
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3.  Whcir  water  is  heated  to  a  certain  degree, 
the  particles  thereof  repel  one  another,  and  con- 
ftitute  an  elaftic  fluid,  which  is  generally  called 
Jleam  or  vapour* 

4.  Hot  fteam  is  very  elaftic ;  and  when  it  is 
cooled  by  any  means,  particularly  by  its  being 
mixed  with  cold  water,  its  elafticity  is  deftroyed 
immediately,  and  it  is  reduced  to  water  again, 

5.  If  a  veflel  be  filled  with  hot  fteam,  and 
then  doied,  fo  as  to  keep  out  the  external  air, 
and  all  other  fluids  $  when  that  fteam  is  by  any 
means  condenfed,  cooled,  or  reduced  to  water, 
tbaf  water  will  fall  to  the  bottom  of  the  veflel; 
and  the  cavity  of  the  veflel  will  be  almoft  a  per« 
fe£k  vacuum. 

6.  Whenever  a  vacuum  is  made  in  any  veflel, 
the  air  by  its  weight  will  endeavour  to  rufti  into 
riie  veflTel,  or  to  drive  in  any  other  body  that 
will  give  way  to  its  preflure  s  as  may  be  eafily 
feen  by  a  comrpon  fyringe.  For,  if  you  ftop 
the  bottom  of  a  fyringe,  and  then  draw  up  the 
pifton,  if  it  be  fo  tight  as  to  drive  out  all  the 
air  before  it,  and  leave  a  vacuum  within  the  fy- 
ringe, the  pifton  being  let  go  will  be  driven  down 
with  a  great  force. 

7.  The  force  with  which  the  pifton  is  driven 
down,  when  there  is  a  vacuum  under  it,  will  be 
as  the  fquare  of  the  diameter  of  the  bore  in  the 
fyringe.  That  is  to  fay,  it  will  be  driven  down 
with  four  times  as  much  force  in  a  fyringe  of  a 
two-inch  bore,  as  in  a  fyringe  of  one  inch :  for 
the  areas  of  circles  are  always  as  the  fquares  of 
their  diameters. 

8.  The  preflTure  of  the  atmofphere  being 
equal  to  15  pounds  upon  a  fquare  inch,  it 
wUl  be  almoft  equal  to  12  pounds  upon  a  cir- 
cular inch.    So  that  if  the  bore  of  the  fyringe 

L  be 
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be  round,  aqd  one  inch  in  diameter*  tfaeJpiAoa 
will  be  preft  down  into  it  by  a  force  flearty  6mA 
to  12  pounds:  but  if  the  bore  be  two  inoica 
diameter,  the  pifton  will  be  preft  down  wich  torn 
times  that  force. 

And  hence  it  is  eafy  to  fin4  ^th  what  Ibroe 
the  atmoibhere  prefles  upon  any  ^ven  ntmiber 
either  of  iquare  ot  circular  incnes.         . 

Thefe  being  the  principles  upon  wjiicli  this 

.  eqgine  is  conftruded,  we  inall  next  delcnbe  die 

chief  working  parts  of  it:   which  are*    i.  A 

boiler.    2.  A  cylinder  and  pifion.    3.  A  beam. 

or  lever. 

The  boiler  is  a  large  veflel  made  of  iron  or 
copper;  and  commonly  fo  big  as  to  contain 
about  2000  gjallons. 

The  cylinder  is  about  40  inches  diameter,  bored 
fo  fmooth,  and  its  leathered  pifton  fitting  (o  clofe, 
that  little  or  no  water  cm  get  between  the  pifton 
and  fides  of  the  cylinder. 

Things  being  thus  prepared,  the  cylinder  is 
placed  upright,  and  the  fnank  of  the  pifton  is 
fixed  to  one  end  of  the  beam^  which  turns  on  a 
center  like  a  common  balance. 

The  boiler  is  placed  under  the  cylinder,  with 
a  communication  between  them,  which  can  be 
opened  and  (hut  occafionally. 

The  boiler  is  filled  about  half  full  of  water, 
and  a  ftrong  fire  is  placed  under  it :  then,  if  the 
communication  between  the  boiler  and  the  cy* 
Under  be  opened,  the  cylinder  will  be  filled  with 
hot  fteam  j  which  wojLjld  drive  the  pifton  quite 
out  at  the  top  of  it.  But  there  is  a  contrivance 
by  which  the  beam,  when  the  pifton  is  near  did 
top  of  the  cylinder,  fhuts  the  communication  tt 
the  top  of  the  boiler  within.    ' 

This 
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This  IS  no  fboner  (hut,  than  anothef  is  opened, 
by  which  a  little  cold  water  is  thrown  upward 
in  a  jet  into  the  cylinder,  which  mixing  with  the 
hot  fteam,  condenfes  it  imniediately  j  by  which 
Ineans  a  vacuum  is  made  in  the  cylinder,  and 
the  piftoii  is  pfeffed  down  by  the  Weight  of  the 
atmofphere ;  and  (b  lifts  up  the  loaded  pump- 
rod  at  the  other  end  of  the  beam. 

If  the  cylinder  be  +2  inches  in  diameter,  the 
pifton  will  be  prefled  down  with  a  force  greater 
than  20000  pounds,  and  will  conftquently  lift 
up  that  weight  at  the  oppofite  end  of  the  beam : 
and  as  the  pump-rod  with  its  plunger  is  fixed 
to  that  end,  if  the  bore  where  the  plunger  works 
were.  10  inches  diameter,  the  water  would  be 
forced  up  through  a  pipe  of  180  yards  perpen*  ' 
dicular  height. 

But,  as  the  piarts  of  this  engine  have  a  good 
deal  of  friftion,  and  muft  work^with  a  confi- 
dei-able  velocity,  and  there  is  no  fuch  thing  as 
making  a  perfeft  vacuum  in  the  cylinder,  it  is 
fouind  that  no  more  than  8  pounds  of  prefllire 
muft  be  allowed  for,  on  every,  ciicular  inch  of 
the  pifton  in  the  cylinder,  that  it  may  make 
about  16  ftrokes  in  a  minute,  about  6  feet 
each* 

Where  the  boiler  is  very  large,  the  pifton  will 
make  between  20  and  25  ftrokes  in  a  minute, 
and  each  ftroke  7  or  8  feet ;  which,  in  a  pump 
of  9  inches  bore,  will  raife  upward  of  300  hogf- 
heads  of  water  in  a  hour. 

It  is  found  by  experience  that  a  cylinder,  40 
inches  diameter,  will  work  a  pump  10  inches 
diameter,  and  100  yards  long;  and  hence  we 
can  find  the  diameter  and  length  of  a  pump, 
that  Can  be  worked  by  any  other  cylinder. 

L  2  For 
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For  the  conyenieace  of  tliofe^  vho  nooU 
make  ufe  of  this  engine  for  niluig  watcr>  i% 
jhall  futgotn  part  of  i  tab!e  calcuhtcd  by  Mr« 
BeigbtoH^  fhewino;  how  any  g^ven  quantity  of 
water  niay  be  railed  in  a  hour^  front  4ft  to  400 
hogfheads ;  at  an^  ^ven  depth»  fiom  15  to  100 
yarns  y  the  nuchine  working  at  the  rate  of  f  6 
fht>kes/i0rminute»  and  each  ftroke  being  6  feec 
long. 

One  ezaiDDle  of  the  tife  of  this  table  wiS 
make  the  whole  plun*  Sup^fe  it  were  required 
to  draw  100  hM;(heads  per  hour,  at  90  yimda 
depth :  in  the  Kcond  column  from  uie  right 
hand,  I  find  the  neareft  numberj  vis.  149  hogf- 
heads  40  gallons,  againfl:  which,  on  the  right 
hand,  I  find  the  diameter  of  the  bore  of  tlje  pump 
mufl:  be  7  inches ;  and  in  the  fame  collateral  linc^ 
under  the  given  depth  90^  I  find  27  inches,  the 
diameter  o?  the  cyUnder  fit  for  diat  purpoie««-» 
And  ib  for  any  other. 
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Thif  table  is  calculated  to  the  mearure  of  ale 
galloDt,  at  28c  cobic  inches  pn  gal  too. 
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Diamerer  of  the  cylinder  in  inchfts- 
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Plate  Water  may  be  raifcd  by  means  of  a  dream 

^'*^*      AB  turning  a  wheel  CD  E^  according  to  the 

P^rfian     ^^^^  ^^  ^^^  letrers,  with  buckets  a,  a,  a,  a,  &c, 

wliccl.     hung  upon  the  wheel  by  ftrong  pins  ^,  ij  by  i^ 

&c.  tixcd  in  the  fide  of  the  rim :  but  the  wheel 

muft  be  made  as  high  as  t^  e  water  is  intended 

to  be  raifed  above  the  level  of  that  part  of  the 

ftream  in  which  the  wheel  is  placed.    As  the 

wheel  turns,  the  buckets  on  the  right-hand  go 

down  into  the  water,  and  are  filled  therewith,  and 

,  go  up  full  on  the  left  hand,  until  they  come  to 

the  top  at  K ;  whe  e  they  ftrike  againft  the  end 

n  of  the  fixed  trough  Af,  and  arc  thereby  over^ 

fet,  and  empty' the  water  into  the  trough ;  from 

which  it  may  be  conveyed  in  pipes  to  the  place 
which  it  is  defigned  for:  and  as  each  bucket 

{j;ei:s  over  the  trough,  it  falls  into  a  perpendicu 
ar  pofition  again,  and  goes  down  empty,  unti'-^l 
it  comes  to  the  water  at  Ay  where  it  is  filled  ar — m^ 
before.  On  each  bucket  is  a  fpring  r,  whicl:^  -h 
gi  i;ig  over  the  top  or  crown  of  the  bar  m  (fixec^  -^d 
t»  the  triiUgh  M)  raifes  the  bottom  of  the  bucke^=^l 
a  AC  ihc  level  of  its  month,  and  fo  caufes  it  t'H^c 
C  npty  all  its  water  into  the  trough. 

Sometimes  this  wheel  is  made  to  raife  wat^^  er 
n.)  higher  than  its  axlej   and  then,  inftead  cj^of 
bu  !-.  rs  hung  upon  it,  its  fpukes  C,  ^,  ^,/,  g,  i^^-^ 
are  made  of  a  bent  form,  and  hollow  ^ithin^K^i 
the.e  hollows  opening  into  the  holes  C,  Z),  £,  ^^^} 
i'^the  outfide  of  tht!  wheel,  and  alfo  into  rhor      ft 
a:  O  in  the  box  N  upon  the  axle.     So  that, 
tile  holc3  C,  D,  &c.  dip  into  the  water,  it  rui 
into  them  ;  and  ab  the  wheel  turns,  the  wat- 
rif :;  in  the  holiow  fpokes,    r,  ^,  &c.  jind  ru^ns 
p\v  in  a  tire  am  P  from  the  ho-es  at  O,  and  fa5  -fa 
into  ci'c  t  cnigh  i^y  fom  whe^iCe  it  is  convey^</ 
by  pipes.     And  this  is  a  very  eafy  way  of  raiUii^ 
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wateTj   becauie  the  engine  requires  no  animal 
power  to  turn  it. 

The  art  of  weighing  different  bodies  in  water,  of  the 
and  thereby  finding  their  fpecific  gravities,  or  Tpccific 
weights,  bulk  for  bulk,  was  invented  by  Ar-  ^r?^-" 
CHiMEDESi   of  which  we  have  the  following^       **'* 
account : 

ffer»,  king  of  Syracufey  having  employed  a 
goldfmith  to  make  a  crown,  and  given  him  a 
mafs  of  pure  gold  for  that  purpofe,  fufpefted 
that  the  workman  had  kept  back  part  of  the  ** 

gold  for  his  own  ufe,  and  made  up  the  weight  . 
by  allaying  the  crown  with  copper.  *But  the 
king,  not  knowing  how  to  find  out  the  truth  of 
thiat  matter,  referred  it  to  Archimedes  j  .  who 
having  ftudied  a  long  time  in  vain,  found  it  out 
at  laft  by  chance.  For,  going  into  a  bathings 
tub  of  water,  and  obferving  that  he  thereby 
raifed  the  water  higher  in  the  tub  than  it  was 
before,  he  concluded  inftantly  that  he  had  raifed 
it  juft  as  high  as  any  thing  elfe  could  have  done, 
that  was  exaftly  of  his  bulk :  and  confidering 
that  any  other  body  of  equal  weight,  and  of  left 
bulk  than  himfelf,  could  not  have  raifed  the 
water  (b  high  as  he  did;  he  immediately  told 
the  king,  that  he  had  found  a  method  by  which 
he  could  difcover  whether  there  were  any  cheat 
in  the  crown.  For,  fince  gold  is  the  heavieft 
of  all  known  metals,  it  mud  be  of  lefs  bulk^ 
according  to  its  weight,  than  any  other  metal. 
And  therefore  he  dcfired  that  a  niafs  of  pure 
gold,  equally  heavy  with  the  crown  when 
weighed  in  air,  (hould  be  weighed  againft  it 
in  water;  and  if  the  crown  was  not  allayed, 
it  would  counterpoife  the  mafs  of  gold  when 
they  were  both  immerfed  in  water,  as  well  as  it 
did  when  they  were  weighed  in  air.  But  upon 
L  4  making 
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making  the  trial,  he  found  that  the  mals  of  gold 
weighed  much  heavier  in  water  than  the  crown 
did.  And  not  only  fo,  but  that,  when  the  mafs 
and  crown  were  immerfed  feparately  in  one  vcC- 
fel  of  water,  the  crown  raiied  the  water  much 
higher  than  the  mafs  did ;  which  (hewed  it  to  be 
allayed  with  fome  lighter  metal  that  increafed  ita 
bulk.  And  fo,  by  making  trials  with  different 
metals,  all  ecjually  heavy  with  the  crown  when 
weighed  in  air,  he  found  out  the  quantity  of 
alloy  in  the  crown. 

The  fpecific  gravities  of  bodies  arc  as  their 
weights,  bulk  for  bulk ;  thus  a  body  is  (aid  to 
have  two  or  three  times  the  fpecific  gravity  of 
another,  when  it  contains  two  or  three  times  as 
much  matter  in  the  fame  fpace. 

A  body  immerfed  in  a  fluid  will  fink  to  the 
bottom,  if  it  be  heavier  than  its  bulk  of  the  fluid. 
If  it  be  fufpended  therein,  it  will  lofe  as  much 
of  what  it  ^^cighed  in  air,  as  its  bulk  of  the  fluid 
•     weighs.  Hence,  all  bodies  of  equal  bulks,  which 
would   fink  in  fluids,  lofe  equal  weights  when 
fufpended  therein.     And  unequal  bodies  lofe  in 
proportion  to  their  bulks. 
The  fy'         The    hydrojlatic  balance    diflTers    very    litdc 
^oftattc    fi-om  a  common  balance  that  is  nicely  made: 
^^''    only  it  has  a  hook  at  the  bottom  of  each  fcale, 
on  which  fmall  weights  may  be  hung  by  horfc- 
hairs,  or  by  filk  threads.     So  that  a  body,  fuf- 
pended by  the  hair  or  thread,  may  be  immerfed 
in  water  without  wetting  the  fcale  from  which  it 
hangs. 
How  to        If  the  body  thus  fufpended  under  the  fcale, 
find  the   ^^  ^^^  ^^j  ^f  ^j^^  balance,  be  firft  counterpoifed 
gr^vivfof^^  air  by  weights  in  the  oppofite  fcale,  and  then 
anybody,  immerfed  into  water,  the  equilibrium  will  be  im- 
mediately deflxoyed.     Then,  if  as  much  weight 

be 
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be  put  into  the  fcale  from  which  the  body  hangs^ 
as  will  reftore  the  equilibrium  ^without  altering 
the  weights  in  the  oppofite  fcale)  that  weighs 
which  reftores  the  equuibrium,  will  be  equal  to 
the  wdght  of  a  quantity  of  water  as  big  as  the 
immerted  body.  And  if  the  weight  of  the  body 
in  air  be  divided  by  what  it  lofes  in  water^  tha 
quodent  will  (hew  how  much  that  body  is  hea- 
vier than  its  bulk  of  water.  Thus,  if  a  guinea . 
fufpended  in  mr,  be  counterbalanced  by  129 
grains  in  the  oppofite  fcale  of  the  balance;  and 
then,  upon  its  being  immerfed  in  water,  it  be* 
comes  lo  much  lighter,  as  to  require  71  grains 

Eut  into  the  fcale  over  it,  to  reftore  the  equili* 
rium,  it  fliews  that  a  quantity  of  water,  of 
equal  bulk  with  the  guinea,  weighs  71  grains, 
or  7.25}  by  which  divide  129  (the  weight  of 
the  guinea  in  air)  and  the  quotient  will  be 
17.793;  which  fhews  that  the  guinea  is  17.7 9 J 
times  as  heavy  as  its  bulk  of  water.  And  thus, 
any  piece  of  gold  may  be  tried,  by  weighing  tc 
firft  in  air,  and  then  in  water;  and  if  upoa 
dividing  the  weight  in  air  by  the  lols  in  water^ 
the  quotient  comes  out  to  be  i7»793>  the  gold 
is  gcod;  if  the  quotient  be  18,  or  between  18 
and  19,  the  gold  is  very  fine;  but  if  it  be  lels 
than  17,  the  gold  is  too  much  allayed,  by  bemg 
mixed  with  fome  other  metal. 

If  filver  be  tried  in  this  manner,  and  found 
to  be  II  times  as  heavy  as  water,  it  is  very 
fine ;  if  it  be  I  o4-  times  as  heavy,  it  is  ftandard; 
but  if  it  be  of  any  lefs  weight  compared  with 
water,  it  is  mixed  with  fome  lighter  metal,  fuch 
as  tin. 

By  this  method,  the  fpecific  gravities  of  all 
bodies  that  will  fink  in  water,  may  be  found* 
But  a&  to  thofe  which  are  lighter  than  Water,  as 

moft 


moft  forts  of  wood  are,  die  foUowuq;  vMb^d 
may  be  taken,  to  (hew  how  much  lighter  ttef 
are  than  their  refpedh^  bulks  of  water. 

^  I^t  an  upright  (hid  be  (ixed  into  ft  thick  flat 
piece  of  brafs,  and  in  this  ftud  let  a  fmall  lever, 
whde  arms  are  equally  kHigi  turn  upon  a  fine 
pin  as  an  axis.  Let  the  mread  which  hang^ 
^  from  the  fcale  of  the  balance  be  tied  to  one  end 
0f  the  lever,  and  a  thread  from  the  body  to  be 
weighed,  tied  to  the  other  end.  This  done, 
put  the  brafs  and  lever  into  a  veflfcl,  then  pouc 
water  into  the  vedel,  and  the  body-will  rife  and 
fk^t  upon  it,  and  draw  down  tl^  end  <if  die 
balance  from  which  it  hangs;  then,  put  as  much 
weight  in  the  oppoHte  fcale  as  will  rai(e  th^  end 
of  the  balance,  fo  as  to  pull  the  body  down  into 
the  water  by  means  of  the  lever ;  and  this  weight 
in  the  fcale  will  (hew  how  much  the  body  is 
lighter  than  its  bulk  of  water. 

There  are  fome  things  which  cannot  be 
weighed  in  this  manner,  fuch  as  quick(ilver, 
fragments  of  diamonds,  &c.  becau(e  they  can- 
not be  fufpended  in  threads }  and  muft  therefore 
be  put  into  a  glafs  bucket,  hanging  by  a  thread 
from  the  hook  of  one  fcale,  and  counterpoifed 
by  weights  put  into  the  oppodte  (bale.  Thus, 
fuppofe  you  want  to  know  the  (pecific  gravity 
or  quickfilvcr,  with  refpeft  to  that  of  watery  let 
the  erppty  bucket  be  firft  counterpoi(bd  in  air, 
and  then  the  quickHlver  put  into  it  aofl  weighed. 
Write  down  the  weight  of  the  bucket,  and  alfo 
of  the  quickfilver;  which  done,  empty  die 
bucket,  and  let  it  be  immerfed  in  water  as  it 
hangs  by  the  thread,  and  counterpoifed  therein 
by  weights  in  the  oppofite  fcale :  then,  pour 
the  quickfilver  into  the  bucket  in  the  water, 
which  will  caufe  it  to  preponderate  $  and  put  as 
9  much 
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much  weight  into  the  oppofue  fcale  as  will  re« 
ftore  the  balance  to  an  equipoilc  j '  and  this 
Weight  will  be  the  weight  of  a  quantity  of  water 
tq\)^i  in  buik  to  the  quickfiivcr.  Laftly,  divide 
the  weight  ot  ttie  quicklilver  in  an,  by  the  ^ 
wcighjt  of  its  buik  of  water,  ana  the  quotient 
will  (hew  how  much  the  quitkUlver  k  heavier 
than  its  buik  of  wajter. 

If  a  piece  of  brafs,  glafs,  lead,  or  filver,  be  im- 
merfed  and  fufpended  in  citferent  forts  of  fluids^ 
the  diflPercnt  lofles  of  weight  therein  will  (hew 
how  much  it  i:>  heavier  than  its  bjulk  of  the  fluid  ; 
the  3pid  being  Ijghteft  in  vihich  the  im  merfed 
l>ody  lofes  leaft  of  its  aerial  weight.  A  (olid 
bubble  of  gl^fs  is  generally  ufed  for  ^4ing  the 
^)ccif-c  gravities  of  fluids. 

Hence  w#,bave  an  eafy  method  of  finding  the 
Q)ecific  gravities  both  of  (blids  and  fluids,  with 
regard  to  their  fpecitic  bulks  of  common  pump 
vater,  which  is  generally  made  a  ftandard  for 
comparing  all  others  by. 

In  conftrufting  tables  of  fpecific  gravities  with 
accuracy,  the  gravity  of  water  muft  be  repre* 
fented  by  unity  or  i.doq,  where  three  cyphers 
arc  added,  to  give  room  for  expreffing  the  ratios 
of  other  gravities  in  decimal  paj  ts,  as  in  the 
following  table. 

N.  B.  Although  guinea  gold  has  been  gene* 
rally  reckoned  17.79H  times  as  heavy  as  its  bulk 
of  water,  yet,  by  many  repeated  trials,  I  cannot 
fay  that  I  have  found  it  to  be  more  than  17.20Q 
(or  i7tV)  as  heavy.    - 
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A  Table  of  the  fpecific  gravinei  of  leveral  ftBl    . 
and  fluid  bodies.  ^ 


A  cahic  inch  of 


Tio^  ivdght* 


oif    pw,     g^« 
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Very  fine  gdd  - 
Standard  gold  - 
Guinea  gold  - 
Mddore  gold  - 
Quickiilvc  •  - 
Lead  .  -  - 
Fine  (Uvcr  •  '- 
Standard  fJver  - 
Copper. 

Plate  braft    -    - 
Steel     .      *     . 
Iron     .... 
«H  cktin      -    . 
Speltar    -    -    - 
Lead  ore       -     - 
Giafs  of  antimony 
German  antimony 
Copper  ore   -     - 
Diamond      ^    - 
Clear  glafs    -     - 
Lapis  lazuli  -    - 
Welch  afbeftos  - 
White  marble    - 
Black;  ditto   -     - 
Rock  cryftal 
Green  glafs  -    - 
Cornelian  ftone 
Flint      -     -     - 
Hard  paving  ftone 
Live  fulphur 
Nitre     -      -     - 
Alabafter     -     - 
Dry  ivory     -     - 
Brimftone     -     - 
Alum     -     -    - 


10 

9 
9 
9 
7 
S 
5 
S 
4 
4 
4 
4 
3 
3 
3 
% 

2 

2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

O 

O 

o 
o 


3-83 

6.44 

17.18 

19.84 

1 1 .01 

I7-SS 
23.2^ 

336 

7.04 

9.00 

20.12 

15.20 

5.68 

12.86 

16.89 

4.80 

11.83 


7 

19 

7 
o 

7 

n 

II 

13 

4 

2 

o 

17 

H 
II 

IS 

2 
I 
15  20.88 


13 
12 
10 
8 
8 
8 
7 
7 
6 

5 
I 

o 

I 


11 


5.58 

17-57 
i3-4» 
12.65 
1. 00 
15-38 

1. 21 

19.63 

22.87 

2.40 

1.08 

18.74 

6. 09 
23.76 
21.92 


II 
10 
10 


5.80 
14.90 

4.76 
14.71 

0.06 
6.66 

1.89 

10.09 

8.70 

*77 
3-79 

^H 
14.00 

0.09 

J.04 

4-43 
15.48 
13-16 
12.27 
10.97 

9.00 

J.02 
.61 

8a6 
7-73 

6.77 
2.52 

1-59 
»-35 

0.89 

0.66 

15-7^ 


»7-793 
I7.I40 

H.919 

■fid 

8.000 
7.8sa 

7-645 
7.321 
7.06s 
6.800 
5.280 
4.000 

3-775 
3.400 

•  3.150 

3-OJ4 
2.913 
2.707 
2.70 
2.65I 
2.62P 
2.568 
•2.5^ 
2.460 

2.000 
I.QOO 


I.K75 
1.825 
1.800 

I -7 '4 
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^S9 


Acofaicinchof 

Troy  weight* 

Avoirdop.  1 

Compa- 

JLm    pw*     gr« 

oz« 

drams. 

X«UVfS 

weight. , 

Ebony    .    -    - 

0  II  18.82 

0 

10.34 
9.76 

I.II7 

Human  blood     - 

0  II     2.89 

0 

1.054 

Amber    -    -    - 

0  10  20.79 

0 

9-S4 

1.030 

Cow's  milk  .    . 

0  10  20.79 

0 

9-^4 

1.030 

Sea  water     -    - 

0  10  20,79 

6 

9-5+ 

1.030 

Pump  water 

0  10  13.30 

0 

9.26 

1. 000 

Spring  water 

0  10  12.94 

p 

9.2s 

0.999 

0  10  11.42 

0 

9.20 

0-993 

ited'Wine    •-    - 

0  10  11.42 

0 

9.20 

0.993 
0.978 

OO  of  amber      «- 

0  10    7.63 

.0 

9.06 
8.62 

Proof  fpirits 
Dry  oak 

0    9  IQ.73 
0    9  18.00 

0 

0.931 

0 

8.56 

0.925 

Olive  oQ     -     - 

0    9  15.17 

0 

8.4s 

%^ 

Pure  fpiriti  -    - 

0    9    3.27 

0 

8.02 

Spirit  of  turpentine 
Oil  of  turpentine 

0    9    2.76 
0    8    8.53 

0 

7-99 

0.864 

0 

7-S3 

0*772 

Drycrabtree  .    - 
Sa&fraswood    - 
Cork     -      .    - 

0    8    1.69 
0    5    2.04 

0 

0 

7.08 
4.46 

0.765 
0.48a 

0    2  12.77 

0 

2.21 

0.240 

Take  iway  the  decimal  points  from  the  num« 
bers  in  the  right-hand  column,  or  (which  is  the 
fame)  muhiply  them  b^  looOj  and  dtey  will  ihew 
how  many  avoirdupoile  ounces  are  contained  in 
a  cubic  foot  of  ^ch  body. 

The  ufe  of  the  table  of  Ipecific  gravities  will  How  to 
beft  appear  by  an  example.    Suppofe  a  body  to  ^"^  ®"^ 
be  compounded  of  gold  and  filvcr,  and  it  is  re-  |ity  of*"* 
quired  to  find  the  quantity  of  each  metal  in  the  aduhera- 
compound.  tion  ia 

Firft  find  the  fpecific  gravity  of  the  com-"*^*^'- 
pound,  by  weighing  it  in  air  and  in  water,  and 
dividing  its  aerial  weight  by  what  it  lofes  there* 
of  in  watCTj  the  quotient  will  fhew  its  fpecific 

gravity. 


gra^ty,  en*  how  many  times  it  if  heavier  ftatf 
Its  bulk  of  water.  Then»  fubtra&  the  ipedfit 
gravity  of  filver  (found  in  th«  tabk)  from  thai 
of  the  compound^  and  the  fpedfic  gravity  <^/thc( 
tompound  from  that  of  gold;  the  &ft  remaimkr 
Ibews  the  bulk  of  gold,  and  the  latter  the  buk 
of  filver,  in  the  whole  compcHindf  and  tfthde 
jemainders  be  multiplied  by  the  refp^Mve  f^ 
cific  gravities,  the  produfts  will  Ihcw  the  pco^ 
portion  of  wd^ts  of  each,  metal  in  the  body« 
j^um^e. 

Suppofe  the  (pecific  graviqr  of  the  compoand^ 
ed  body  be  13  $  that  of  ftandard  filver  (by  the 
table)  is  10.5,  and  that  of  gold  19.63:  therefiiH^ 
10.5  from  13,  remains  2.;,  the  pfopcirtiooat 
bulk  of  the  gold;  and  i^  from  19.63,  remains 
.  6.63  the  proportional  bulk  of  filver  in  the  com- 
pound. Then,  the  firft  remainder  2.5,  rnulu- 
plied  by  19.63,  the  fpecific  gravity  of  gold,  pro- 
duces 49.075  for  the  proportional  wei^t  of 
gold;  and  the  laft  remainder  6.63  multiplied 
by  10.5,  the  fpecific  gravity  of  filver,  produces 
69.615  for  the  proportional  weight  of  filver  in 
the  whole  body.  So  that  for  every  4907  ounces 
or  pounds  of  gold,  there  are  6^£  pounds  of 
ounces  of  filver  in  the  body. 

Hence  it  4S  eafy  to  know  whether  any  fulpeft- 

ed  metal  be  genuine,  or  allayed,  or  counterfeit ; 

by  finding  how  much  it  is  heavier  than  its  bulk 

of  water,  and   comparing  the  fame  with  the 

table :  if  they  agree,  the  metal  is  good ;  if  they 

differ,  it  is  allayed  or  counterfeited. 

How  to        A  cubical  inch  of  good  brandy,  rum,  or  other  ' 

I«u?u8     P'^^  ^P^"^^  weighs  235.7  grains;  therefore,  if 

liauors.    ^  ^^^^  i^^h   Cube  of  any  metal  weighs  135.7 

grains  lefs  ia  fpirits  than  in  air,  it  fiiews  the 

^irits  are  proof".     If  it  lofcs  ids  of  its  aerial 

weight 
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wet]^t  in  fpirits,  they  are  above  proof;  if  it  lofcB 
more,  ^ey  are  under.  For,  the  better  the  ^ — ^ 
fpirits  are,  they  are  the  lighter  j  and  the  worfc, 
the  heavier.  All  bodies  expand  with  heat,  and 
contraft  with  cold,  but  fome  more  and  fome  left 
than  others.  And  therefore  the  fpecific  gravities 
of  bodies  are  not  precifely  the  fame  in  fummer 
as  in  winter.  It  has  been  found,  that  a  cubic 
inch  of  good  brandy  is  ten  grains  heavier  in  win- 
ter than  in  fummer  j  as  much  fpirit  of  nitre,  20 
grains;  vinegar  6  grains,  and  fpring- wafer  j. 
Hence  it  is  moft  profitable  to  buy  fpirits  in 
winter,  and  fell  them  in  fummer,  fmce  they  are 
always  bought  and  fold  by  meafure.  It  hat 
been  found,  that  32  gallons  of  fpirits  in  winter 
will  make  ^3  in  fummer. 

The  expanGon  of  all  fluids  is  proportionable 
to  the  degree  of  heat;  that  is,  with  a  double  or 
triple  heat  a  fluid  will  expand  twa  or  three  times 
as  much. 

Upon  thefe  principles  depends  the  conftruc-  The  tber^ 
tion  of  the  thermometer,  in  which  the  globe  or  mmttir. 
bulb,  and  part  of  the  tube,  are  filled  with  a 
fluid,  which,  when  joined  to  the  barometer,  is 
fpirits  of  wine  tinged,  that  it  may  be  moreeafily 
feen  in  the  tube.  But  when  thermometers  are 
made  by  themfelves,  quickfilver  is  generally 
ufed. 

In  the  thermometer,  a  fcale  is  fitted  to  the 
tube,  to  (hew  the  expanfion  of  the  quickfilver, 
and  confequently  the  degree  of  heat.  And,  as 
Fabrenheif's  fcale  is  moft  in  efteem  at  prefent,  I 
ihall  explain  the  conftriiftion  and  graduation  of 
thermometers  according  to  that  fcale. 

Firft,  let  the  globe  or  bulb,  and  part  of  the 
tube,  be  filled  with  a  fluid ;  then  immerfe  the 
bulb  in  water  juft  freezing,  or  (how  juft  thaw- 
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ihg;  and  even  with  that  part  in  the  fcale  lihect 
the  fluid  then  ftands  in  the  tube,  place  the  num* 
ber32,  to  denote  the  freezing  point:  then  put 
the  bulb  under  your  arm-pit,  when  your  body  is 
of  a  moderate  degree  of  heat,  fb  that  it  may 
acquire  the  fame  degree  of  heat  with  your  fldni 
and  when  the  fluid  has  rifen  as  far  as  it  can  by 
that  hear,  there  place  the  number  97:  then 
divide  the  (pace  between  thefe  numbers  into  6c 
equal  parts,  and  continue  thofe  di^fions  bom 
above  97  and  bdow  32^  and  number  them  ac« 
cordingly. 

This  may  be  done  in  any  part  of  the  world ; 
for  it  is  found  that  the  freezing  point  is  always 
the  fame  in  all  places,  and  the  heat  of  the  human 
body  differs  but  very  litde ;  (b  that  the  thermo* 
meters  made  in  this  manner  will  agree  with  one 
another  $  and  the  heat  of  feveral  bodies  will  be 
fhewn  by  them,  and  expreflcd  by  the  numbers 
upon  the  fcale,  thus : 

Air,  in  fevere  cold  weather,  in  our  climate, 
from  15  to  25.  Air  in  winter,  from  26  to  42* 
Air  in  fpring  and  autumn,  from  43  to  ^2*  Air 
at  midfummer,  from  65  to  68.  Extreme  heat 
of  the  fummer  fun,  from  86  to  100.  Butter 
juft  melting,  95.  Alcohol  boils  with  174  or 
175.  Brandy  with  190.  Water  212.  Oil  of 
turpentine  550.  Tin  melts  with  408,  and  lead 
with  540.  Milk  freezes  about  30,  vinegar  38, 
and  blood  27. 

A  body  fpecifically  lighter  than  a  fluid  will 
(wim  upon  its  furface,  in  fuch  a  manner,  that  a 
quantity  of  the  fluid,  equal  in  bulk  with  the 
immerfed  part  of  the  body,  will  be  as  heavy  as 
the  whole  body.  Hence,  the  lighter  a  fluid  is, 
the  deeper  a  body  will  fink  Li  its  upon  which 
4  depends 
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depends  the  conftruftion  of  the  hydrometer  or 
watcr-poife. 

From  this  we  can  eafily  find  the  weight  of  a  How  the 
ihip,   or  any  other  body  that  floats  in  water,  weight  of 
For,  if  we  multiply  the  number  of  cubic  f^^^t^f^^^^^ 
which  arc  under  the  furface,  by  62.5,  the  number  eiiimatcd* 
of  pounds  in  one  cubic  foot  of  fre(h  water  \  or  by 
64.4,  the  number  of  pounds  in  a  cubic  foot  of 
fait  water;  the  produdt  will  be  the  weight  of  the 
Ihip,  and  all  that  is  in  it.     For,  fince  it  is  the 
weight  of  the  (hip  that  difplaces  the  water,  it  muft 
continue  to  fink  until  it  has  removed  as  much 
water  as  is  equal  to  it  in  weight ;  and  therefore 
the  part  immerfed  muft  be  equal  in  bulk  to  fuch 
a  portion  of  the  water  as  is  equal  to  the  weight 
of  the  whole  ftiip. 

To  prove  this  by  experiment,  let  a  ball  of 
fome  light  wood,  fuch  as  fir  or  pear-tree,  be  put 
into  water  contained  in  a  glafs  veflel ;  and  let  the 
vcflel  be  put  into  a  fcale  at  one  end  of  a  balance, 
and  counterpoifed  by  weights  in  the  oppofite 
fcalc  :  then,  marking  the  height  of  the  water  in 
the  veflel,  take  out  the  ball ;  and  fill  up  the  vef- 
fcl  with  water  to  the  fame  height  that  it  ftood  at 
when  the  ball  was  in  it ;  and  the  fame  weight 
will  counterpoife  it  as  before. 

From  the  veflel's  being  filled  up  to  the  fame 
height  at  which  the  water  ftood  v/hen  the  ball 
was  in  it,  it  is  evident  that  the  quantity  poured 
in  is  equal  in  magnitude  to  the  immerfed  part 
of  the  ball :  and  from  the  fame  weight  counter- 
poifing,  it  is  plain  that  the  water  poured  in,  is 
equal  in  weight  to  the  whole  ball. 

In    troy  weight,   24  grains    make   a  penny- 
weight,  20  pennyweights  make  an  ounce,  and 
12  ounces  a  pound.      In  avoirdupoife  weight, 
16  drams  make  an  ounce,    and  16  ounces  a 
M  pound. 
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pound.  The  troy  pound  contains  5760  grainSi 
and  the  avoirdupoifc  pound  7000 ;  and  hencc> 
the  avoirdupoifc  dram  weighs  27.J+375  grains^ 
and  the  avoirdupoife  ounce  437*5* 

Becaufe  it  is  often  of  ufe  to  know  how  much 
any  given  quantity  of  goods  in  troy  weight  do 
make  in  avoirdupoife  weight  s  and  the  reverfe ; 
we  fhall  here  annex  two  tables  for  converting 
thcle  weights  into  one  another*  Thofe  from 
page  135  to  page  146  are  near  enough  for  com- 
mon hydraulic  purpofes ;  but  the  two  following 
are  better,  where  accuracy  is  required  in  com- 
paring the  weights  with  one  another :  and  I 
find,  by  trial,  that  175  troy  ounces  are  precifely 
equal  to  192  avoirdupoilc  ounces^  and  175  rroy 
pounds  are  equal  to  144  avoirdupoife.  And 
although  there  are  feveral  leffer  integral  num- 
bers, which  come  very  near  to  agree  together, 
yet  I  have  found  none  lefs  than  the  above  to 
agree  exaftly.  Indeed  41  troy  ounces  are  {0 
nearly  equal  to  45  avoirdupoife  ounces,  that  the 
latter  contains  only  7 1  grains  more  than  the  for- 
mer :  and  45  troy  pounds  weigh  only  7^^  drams 
more  than  37  avoirdupoife. 

I  have  lately  made  a  fcale  for  comparing  theft 
weights  with  one  another,  and  Ihewing  the  weight 
of  pump-water,  proof  fpirits,  pure  fpirits,  and 
guinea  gold,  taken  in  cubic  inches,  to  any  quan- 
tity lefs  than  a  pound,  both  in  troy  and  avoirdu- 
poife ;  only  by  Aiding  one  fide  of  a  fquare  along 
the  fcale,  and  the  other  fide  crofling  it. 
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Troy  Weight 

Avoirdapoife. 

TroyWcight 

Avoir 

lb.   oz.  drams 

Drams. 

Pounds — 400c 

3291     6  13.6S 

Penny  wt.   15 

16.67 

300c 

2528     9     2.26 

18 

'579 

200c 

1645  II     6.84 

>7 

'  14-9^ 

^ 

1000 

822  13  11.42 

16 

14.04 

•& 

900 

740    9     2.2S 

15 

13.16 

800 

658     4    9.14 

14 

12.29 

% 

700 

576     0    0.00 

>3 

11.41 

fi> 

600 

493   11     6.85 

12 

10.53 

500 

411     6  13.71 

11 

9.65 

400 

329     2    4.57 

10 

8.78 

1 

300 

246  13  11.42 

9 

7.90 

200 

164    9    2.28 

8 

7.02 

1 

100 

82    4    9.15 

7 

6.14 

< 

99 

74    0  13.62 

6 

S*^7 

o 

80 

65  13    4.1 1 

5 

4-39 

.S 

70 

57    9    960 

4 

3-5' 

4-> 

60 

49    5  »5-o8 

3 

2.63 

so 

41     «    4-57 

•     2 

*-75 

40 

32  14  ^0.05 

I 

.88 

% 

30 

H  10  '5-54 
16    7    5.03 

Grains  —  23 

.84 

>s 

20 

22 

.80 

2 

10 

8     3  10.52 

21 

*77 

H 

9 

7    6    7.86 

20 

•73 

tD 

8 

6    9    5.21 

»9 

.69 

•»4 

7 

5  12     2.56 

18 

.66 

u 

9 

6 

4  H  »S-9o 

»7 

.62 

"B 

5 

4    1  »3-25 

16 

.58 

w 

4 

3    4  10.60 

»5 

•55 

J 

3 

*    7    7-95 

>4 

•5« 

VS 

2 

1   10    5.30 

13 

•47 

•^ 

I 

13     2.65 

12 

•44 

•s 

Oaaces  —  1 1 

12     1.09 

ij 

.40 

H 

10 

10  15.54 

10 

.36 

<J 

9 

9  »3-99 

9 

•33 

8 

8  12.43 

& 

.29 

7 

7  10.88 

7 

.26 

6 

6    9.32 

6 

•  22 

5 

5     7-77 

5 

.18 

4 

4    6.22 

4 

•'5 

3 

3     4-66 

3 

•  11 

2 

2     3. II 

2 

.07 

1 

I     i.^s 

1 

.0| 
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A  Table  for  reducing  Avoirdupoife 

weight  into 

Troy  weight. 

Avcrdupoifc 
weigni* 

Troy 

weight. 

Avaird, 
weight* 

I'roy  weight* 

lb.    02 

■  P^  «^ 

lb.  oz.  pw.  gr* 

Pounds  6000 

7291 

800 

Ounces  15 

1      1    13   10.50 

5000 

6076 

*  '1  ! 

H 

I     0   15      5 

4000 

4361 

I     6  16 

13 

It    16  13  50 

3000 

3645 

1000 

12 

]o  18   i8 

2000 

1430 

6  13     % 

1 1 

10     0  12.50 

lOCO 

uis 

3    6  16 

10 

9     2     7 

900 

1093 

900 

9 

8     4     1.50 

Soo 

971 

*  13     ^ 

8 

7      5    30 

70^ 

Sso 

B    6  16 

7 

6    7  14,50 

600 

7^9 

20c 

6 

5     9    9 

500 

607 

^   "1     ! 

5 

4  It     3-5° 

40c 

486 

1     6  16 

4 

3  12  21 

JOc 

364 

700 

3 

2  14  16,50 

300 

^+3 

0  13     ^ 

2 

t  j6  ti 

IOC 

121 

6    6.16 

1 

18   s-s<* 

90 

109 

4  10     0 

Drams    15 

17     2.10 

80 

97 

t  13     S 

M 

IS  ««-7^ 

7<D 

8f 

0  16  16 

13 

14  19.42 

6q 

^* 

i]     00 

12 

13  15.08 

50 

60 

9     3     8 

n 

13  12.74I 

♦-               4c 

43 

7     6  j6 

JO 

11     9,40 

3 

36 

^   10     0 

9 

10    6*06 

2C 

H 

3   15     8 

^ 

9    2.72 

IC 

12 

1    16   16 

7 

8  33.38 

9 

10 

11      50 

6 

7  20.04 

h 

9 

g    13     8 

S 

6  16*70 

7 

8 

6     I    16 

4 

5  "3-3^ 

6 

7 

3    10     0 

3 

3  10.01 

S 

6 

0  lg    g 

a 

2     6.68 

4 

4 

10    6  16 

] 

i     3-34| 

3 

3 

7  »S    <= 

* 

30,51 

'      ^ 

2 

5     3     S 

.1 

13.67 

I 

1 

2   It    16 

i 

6J| 
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Avoirdupoife  Weight  reduced  into  Troy. 

The  two  following  examples  will  be  fufiicient 
to  explain  thefe  two  tables,  and  fhew  their  agree- 
ment. 

Ex.  I.  Jii  6835  founds  6  ounces .  9  pennyweights 
6  grains  Tray,  ^.  How  much  Avoirdupoife 
H^^jjfo?  (Seepage  165.) 
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Avoirdupoife, 

1 

lb.  oz.  draois. 

"4000 

3291     6   13.68 

2CX)0 

1645  II     6.84 

pounds , 

800 

658     4     9-14 

troy— 

20 

16     7     5.03 

10 

8     3  10.52 

^'     5 

4     I   13-25 

.  oz.     6 

6     9-3^ 

pw.    9 

7.90 

gr.     6 

.2i 

Anfv« 

rer. 

1  5624  10  11.90 

Ex.  II.  In^Bi^,  founds  lo  ounces  12  drams 
^voirdupoife,  ^.  How  much  Trey  weight  ?  (Sec 
Page  166.) 


[Pounds 
avoird. 


5000 

600 

20 

4 
oz.  10 
dr.  12 


lb. 
6076 

729 

24 

4 


Troy. 

oz.  pw.  gr. 


4 
2 

3 

10 

9 


S 
o 
8 

16 
2     7 
13  15.08 


13 

o 

13 
6 


-Anfwcr. 


6835    6      9    6.08 
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0/  Pnmmaiks* 

np  HIS  fciencc  treats  of  the  nature,  weight, 
/  '';  JL^i  prcflurc,  and  fpring  of  the  aifj   and  the 

^^s  arifing  therefrom* 
Ticpiilv      The  air  is  that  thin   tranfparcnt  fluid  body  in 
pcrtics  of  whicli  we  live  and  breathe.     It  encompafles  the 
*"*•  wholt^  t-arth  to  a  confid^^rable  height ;  and,  toge- 

ther with  the  clouds  and  vapours  that  Boat  therc- 
.  in,  it  is  called  the  atmoi'phcre.  The  air  is  juftly 
reckoned  annong  the  number  of  fluids^  becaufe 
it  has  all  the  properties  by  which  a  fluid  is  dif- 
tinguifhed.  For,  it  yields  to  the  leaft  force 
impreflcd,  its  parts  are  eafily  moved  among  one 
another,  it  preffes  according  to  its  perpendicular 
height,  and  its  prcflTurc  is  every  way  equal.. 

That  the  air  is  a  fluid,  confifKng  of  fuch 
particles  as  have  no  cohefion  between  them,  but 
caCly  glide  over  one  another,  and  yield  to  the 
flighted  impreflfion,  appears  from  that  eafe  and 
freedom  with  which  animals  breathe  in  it,  and 
move  through  it  without  any  difficulty  or  fenQble 
refiftanrc. 

But  it  differs  from  all  other  0uids  in  the  four 
following  particulars :  i.  It  cao  be  compreiTed 
into  a  much  lefs  fpade  than  what  it  naturally 
pofleflTes,  which  no  other  fluid  can.  2.  It  cannot 
be  congealed  or  fixed,  as  other  fluids  mayi  3.  It 
is  of  a  dififerent  denfity  in  every  part,  upward 
from  the  earth^s  fiirface,  decreafing  in  its  weight, 
bulk  for  bulk,  the  higher  it  rifes ;  and  therefore 
mud  alfo  decreafe  in  denfity.     4.  It  is  of  an 

eliftic 
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daftic  or  fprf0gy  nature,  and  the  force  of  its 
ipring  is  eqtial  to  its  weight. 

That  air  is  a  body,  is  evident  from  its  exclud-  ^ 

ing  all  other  bodies  out  of  the  fpace  it  pofleffes :  ^7  "^/^ 
for,  if  a  glafs  jar  be  plunged  with  its  mouth  down-  ^^  ^ 
ward  into  a  veflel  of  water,  there  will  but  very  2  2 

little  water  get  into  the  jar,  becaufe  the  air  of 
which  it  is  full  keeps  the  water  out. 

As  air  is  a  body,  it  muft  needs  have  gravity 
or  weight:  and  that  it  is  weighty,  is  demon- 
ftrated  by  experiment.  For,  let  the  air  be  taken 
out  of  a  veflel  by  means  of  the  air-pump,  then, 
having  weighed  the  veflel,  let  in  the  air  again, 
and  upon  weighing^ it  when  re-filled  with  air,  it 
will  be  found  confiderably  heavier.  Thus,  a 
bottle  that  holds  a  wine  quart,  being  emptied  of 
air  and  weighed,  is  found  to  be  about  1 6  grains 
lighter  than  when  the  air  is  let  into  it  again  5 
which  fliews  that  a  quart  of  air  weighs  16  grains. 
But  a  quart  of  water  weighs  146 21  grains;  this 
divided  by  16,  quotes  914  in  round  numbers; 
which  Ihews,  that  water  is  914  times  as  heavy  as 
air  near  the  furface  of  the  earth. 

As  the  air  rifes  above  the  earth's  furface,  it 
grows  rarer,  and  confequently  lighter,  bulk  for  . 
bulk.  For,  becaufe  it  is  of  an  elaftic  or  fpringy 
naturdj  and  its  lowermoft  parts  are  prefled  with 
the  weight  of  all  that  is  above  them,  it  is  plain 
that  the  air  muft  be  more  denfe  or  compad  at 
the  earth's  furface,  than  at  any  height  above  it; 
and  gradually  rarer  the  higher  up.  For,  the 
denfity  of  the  air  is  always  as  the  force  that 
comprefles  it;  and  therefore,  the  air  toward 
the  upper  parts  of  the  atmofphere  being  lefs 
prefled  than  that  which  is  near  the  earth,  it  will 
expand  itfelf,  and  thereby  become  thinner  than 
at  the  earth's  furface. 

M  4  Pr* 
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Dr.  Cotes  has  demonftrated,  i^hat  if  abkiMbi 
in  the  air  be  taken  in  arithmetical  proponaoOt. 
the  rarity  of  the  air  will  be  in  geometrical  pro^ 
portion.    For  inftance. 


The  To. 

ricelliaa 

cxpcri- 

inenc. 


E 
■•is 


7 
H 

21 

28 

35 

42 

56 

63 

70 

77 
84 

91 

98 

105 
112 
119 

126 

^33 

140. 


-c3 


>"-{ 


-S 

> 


^  4 

-    -    -        16 

..       64 

256 

-  -    -    -    -       1024 

4096 

16384 

•    -    -^    -         65536 

262144. 

1048576 

4194304 

-  -  16777216 

67108864 

-  -        268435456 

-  IO73741824 
4294967296 

-  I7179869184 
68719476736 

274877906944 
10995  I  1627776. 


And  hence  it  is  eafy  to  prove  by  calculation, 
that  a  cubic  inch  of  fuch  air  as  we  breathe,  would 
be  fo  much  rarefied  at  the  altitude  of  506  miles, 
that  it  would  fill  a  hollow  fphere  equal  in  diame- 
ter to  the  orbit  of  Saturn. 

The  weight  or  prefllire  of  the  air  is  cxadUy 
determined  by  the  following  experiment. 

Take  a  gtafs  tube  about  three  feet  long,  and 
open  at  one  end ;  fill  it  with  quickfilver,  and 
putting  your  finger  upon  the  open  end,  turn 
that  end  downward,  and  immcrfe  it  into  a  fmall 

velftl 
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veffel  of  quickfilver,  without  letting  in  any  air : 
th6n  take  away  your  finger ;  and  the  quickfilver 
will  remain  fiifpended  in  the  tube  29 f  inches 
above  its  furface  in  the  veffel ;  fometimes  morc,^ 
and  at  other  times  lefs,  as  the  weight  of  the 
air  is  varied  by  winds  and  other  caufes.  That 
the  quickfilver  is  kept  up  in  the  tube  by  the 
preffure  of  the  atmofphere  upon  that  in  the  ba- 
fon,  is  evident ;  for,  if  the  bafon  and  tube  be 
put  under  a  glafs,  and  the  air  be  then  taken  out 
of  the  glafs,  all  the  quickfilver  in  the  tube  will 
fall  down  into  the  bafon ;  and  if  the  air  be  let  in 
again,  the  quickfilver  will  rife  to  the  fame  height 
as  before.  Therefore  die  air's  preffure  on  the 
furface  of  the  earth,  is  equal  to  the  weight  of 
29I  inches  depth  of  quickfilver  all  over  the  earth's 
furface,  at  a  mean  rate. 

A  fquare  column  of  quickfilver,  29I  inches 
high,  and  one  inch  thick,  weighs  juft  15 
pounds,  which  is  equal  to  the  preffure  of  air  . 
upon  every  fquare  inch  of  the  earth's  furface; 
and  144  times  as  much,  or  2160  pounds,  upon 
every  fquare  foot ;  becaufe  a  fquare  foot  con- 
tains 144  fquare  inches.  At  this  rate,  a  middle- 
fized  man,  whofe  furface  may  be  about  14  fquare 
feet,  fuftains  a  preffure  of  30240  pounds,  when 
the  air  is  of  a  mean  gravity :  a  preffure  which 
would  be  infupportable,  and  even  fatal  to  us, 
were  it  not  equal  on  every  part,  and  counterba- 
lanced by  the  fpring  of  the  air  within  us,  which 
is  diffufed  through  the  whole  bodyj  and  re- 
a6ls  with  an  equal  force  againft  the  outward 
preffure. 

Now,  fince  the  earth's  furface  contains  (in 
round  numbers)  200,000,000  fquare  miles, 
and  every  fquare  mile  27,878,400  fquare  feet, 
there  muft  be    5,575,680,000,000,000  fquare 

feet 
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feet  on  the  earth's  furfacei  M'hich  multiplied  by 
2160  pounds  (the  preffure  on  each  fquare  foot) 
gives  12^043,468^800,000,000,000  pounds  for 
the  preflure  or  weight  of  the  whole  atmof- 
phcre. 

When  the  end  of  a  pipe  is  immerfcd  in  water, 
and  the  air  is  taken  out  of  the  pipe,  the  water 
will  rife  in  it  to  the  height  of  33  feet  above 
the  furface  of  the  water  in  which  it  is  immerled; 
but  will  go  no  higher;  for  it  is  foundj  that  a 
common  pump  will  drirw  water  no  higher  than 
33  feet  above  the  furface  of  the  well :  and  unlcf* 
the  bucket  goes  within  that  diftance  from  the 
well,  the  water  will  never  get  above  it*  Now, 
as  it  is  the  preffure  of  the  atmofphere,  on  the 
furface  of  the  water  in  the  well,  that  caufes  the 
water  to  afcend  in  the  pump,  and  follow  the 
pifton  or  bucket,  when  the  air  above  it  is  lifted 
tip ;  it  is  evident,  that  a  column  of  water  2I 
feet  high,  is  equal  in  weight  to  a  column  of 
quickfilver  of  the  fame  diameter,  29^  inches 
high ;  and  to  as  thick  a  column  of  air,  reach- 
ing from  the  earth's  furface  to  the  top  of  the  at- 
mofphere. 
Theia-  In  ferene  calm  weather,  the  air  has  weight 
rmtur.  enough  to  fupport  a  column  of  quickfilver  31 
inches  high;  but  in  tempeftuous  ftormy  wea- 
ther, not  above  28  inches.  The  quickfilver, 
thus  fupported  in  a  glafs  tube,  is  found  to  be  a 
nice  counterbalance  to  the  weight  or  preffure  of 
the  air,  and  to  fhew  its  alterations  at  different 
times.  And  being  now  generally  ufed  to  denote 
the  changes  in  the  weight  of  the  air,  and  of  the 
weather  confequent  upon  them,  it  is  called  the 
barometer^  or  weather-glafs. 

The  preffure  of  the  air  being  equal  on  all 
fides  of  a  body  expofed  to  it,  the  fofteft  bodies 
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fuftain  this  preflbre  without  fuffering  any  change 
iti  their  figure ;  and  fo  do  the  moft  brittle  bodies 
without  being  broke. 

The  air  is  rarefied,  or  made  to  fwell  with  heatj 
and  of  this  property,  wind  is  a  neceffary  confe- Thecanfc 
quence.  For,  when  any  part  of  the  air  is  heated  of  wiWi. 
by  the  fun,  or  otherwife,  it  will  fwell,  and  thereby 
afFeft  the  adjacent  air :  and  fo,  by  various  de- 
grees of  heat  in  difierent  places,  there  will  arife 
various  winds. 

When  the  air  is  much  heated,  it  will  afcend 
toward  the  upper  part  of  the  atmofphere,  and 
the  adjacent  air  will  rufli  in  to  fupply  its  place ; 
and  therefore,  there  will  be  a  ftream  or  current 
of  air  from  all  parts  toward  the  place  where  the 
heat  is.  And  hence  we  fee  the  reafon  why  the 
air  rulhes  with  fuch  force  into  a  glafs-houfe,  or 
toward  any  place  where  a  great  fire  is  made. 
And  alfo,  why  fmoke  is  carried  up  a  chimney, 
and  why  the  air  rulhes  in  at  the  key-hole  of  the  ^ 

door,  or  any  fmall  chink,  when  there  is  a  fire  in 
the  room.  So  we  may  take  it  in  general,  that 
the  air  wiU  prefs  toward  that  part  of  the  world 
where  it  is  moft  heated. 

Upon  this  principle,  we  can  eafily  account  for  The 
the  trade-windsy  which  blow  conftantly  from  caft  trade- 
to  weft  about  the  equator.     For,  when  the  fun  *«''«^'- 
fhines  perpendicularly  on  any  part  of  the  earth, 
it  will  heat  the  air  very  much  in  that  part,  which 
air  will  therefore  rife  upward,  and  when  the  fun 
withdraws,  the  adjacent  air  will  rufh  in  to  fill  its 
place ;  and  confequently  will  caufe  a  ftream  or 
current  of  air  from  all  parts  toward  that  which 
is  moft  heated  by  the  fun.     But  as  the  fun,  with 
refpeft  to  the  earth,  moves  from  eaft  to  weft, 
the  common  courfe  of  the  air  will  be  that  way 
tooi    continually  prefling  after  the  fun;    and 

therefore. 
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therefore,  at  the  equator,  where  the  fan  fhineii 
ftrongly,  there  will  be  a  continual  wind  finom 
the  eaft  j  but,  on  the  north-fide,*  it  will  incline 
a  little  to  the  norths  and  on  the  fouth-fide,  to 
the  fouth. 

This  general  courfe  of  the  wind  about  the 
equator,    is   changed   in    feveral    places,    and 
upon  feveral  accounts;    as,   i.  By  exhalations 
that  rife  out  of  the  earth  at  certain  dmes^  and 
from  certain  places ;  in  earthquakes,  and  from 
volcanoes.     i.  By  the  falling  of  great  quanti^ 
ties  of  rain,  caufing  thereby  a  fudden  conden- 
fation  or  contraftion  of  the  air.     3.  By  burn- 
ing fands,  that  often  retain  the  folar  heat  to  a 
degree  incredible  to  thofe  who  have  not  felt  i^ 
caufing  a  more  than  ordinary  rarefaction  of  the 
air  condguous  to  them.      4.  By  high  moun- 
tains, which  alter   the  direfkion  of  the  winds 
in  flriking  againft  them.*    5.  By  the  declina- 
tion  of  the  fun    toward   the  north    or   fbuth, 
heating  the  air  on  the  north  or  fouth-fide  of  the 
equator. 
The  mon-      To  thcfe  and  fuch  like  caufes  is  owing,  i.  The 
fitms.        irreguhrity  and  uncertainty  of  winds  in  climates 
diftant  from  the  equator,  as  in  moft  parts  of 
Europe.       2.    Thofe    periodical    winds,    called 
tnonfoonsy  which  in  the  Indian  feas  blow  half  a 
year    one    way,    and    the    other   half  another. 
3.  Thofe  winds  which,  on  the  coaft  of  Guinea^ 
and  on  the  weftern  coafts  of  America^  blow  al- 
ways from  weft  to  eaft.      4.  The  fea-breezes, 
which,   in  hot  countries,    blow  generally  from 
fea  to  land,    in  the  day-time ;  and  the  land- 
breezes,  which  blow  in  the  night ;  and,  in  fhort, 
all  thofe    ftorms,    hurricanes,    whirlwinds,   and 
irregularities,  which  happen  at  different  times 
and  places. 

AU 
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All  common  air  is  impregnated  with  a  cer-^Thcv/- 
tain  kind  of  vivifying  fpirit  or  quality,  which  is  '^i/yj^f 
neceffary  to  continue  the  lives  of  animals:  and-^^'^**^ 
this,  in  a  gallon  of  air,  is  fufficient  for  one  man 
during  the  fpace  of  a  minute,  and  not*  much 
longer. 

This  fpirit  in  air  is  deftroyed  by  paflipg 
through  the  lungs  of  animals :  and  hence  it  is, 
that  an  animal  dies  foon,  after  being  put  under 
a  veflel  which  admits  no  frelh  air  to  come  to  it. 
This  fpirit  i^  alfo  in  the  air  which  is  in  water ; 
for  fi(h  die  when  they  are  excluded  from  frefli 
air,  as  in  a  pond  that  is  clofely  frozen  over. 
And  the  little  eggs  of  infefts,  flopped  up  in  a 
glafs,  do  not  produce  their  young,  though  af- 
fifted  by  a  kindly  warmth.  The  feed  alfo  of 
plants  mixed  with  good  earth,  and  inclofed  in  a 
glafs,  will  not  grow. 

This  enlivjcning  quality  in  air,  is  alfo  deftroyed 
by  the  air's  paffing  through  fire;  particularly 
charcoal  fire,  or  the  flame  of  fulphur.  Hence, 
fmoking  chimneys  muft  be  very  unwholefome, 
efpecially  if  the  rooms  they  are  in  be  fmall  and 
clofe. 

Air  is  aifo  vitiated,  by  remaining  clofely  pent 
tip  in  any  place  for  a  confiderable  time ;  or  per- 
haps, by  being  mixed  with  malignant  fteams 
and  particles  flowing  from  the  neighbouring  bo- 
dies :  or  laftly,  by  the  corruption  of  the  vivifying 
fpirit ;  as  in  the  holds  of  (hips,  in  oil-cifterns,  or 
wine-cellars,  which  have  been  ftiut  for  a  confi- 
derable time.  The  air  in  any  of  them  is  fome- 
times  fo  much  vitiated,  as  to  be  immediate  de%th 
to  any  animal  that  comes  into  it. 

Air  that  has  loft  its  vivifying  fpirit,  is  called 
dampj  not  only  becaufe  it  is  filled  with  humid  Damfs. 
or  moift  vapours,  but  becaufe  it  deadens  fire, 
^  cxtin-    > 
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«tlnguiihrs  flame,  and  deftroys  life.  The  dread- 
ful effefts  of  damps  arc  fufficiendy  known  to  fuch 
as  work  in  mines* 

If  part  of  the  vivifying  fpirit  of  atr  in  any 
country  begins  to  putrefyj  the  inhabitants  of  that 
country  will  be  fubjedl  to  an  epidemical  dileafe, 
which  will  continue  until  the  putrefaction  is 
over.  And  as  the  putrefying  fpirit  occafions 
the  difcafe,  fo  if  the  difeafcd  body  contributes 
toward  the  putrefying  of  the  air,  then  the  dif- 
eafe  will  not  only  be  epidcmicalj  but  peftUential 
and  contagious. 

The  atmofphere  is  the  common  receptacle  of 
all  the  effluvia  or  vapours  arifing  from  different 
bodies  i  of  the  lleams  and  fmoke  of  things  burnt 
or  melted  ;  the  fogs  or  vapours  proceeding  from 
damp  watery  places ;  and  of  the  effluvia  from 
fulphureousj  nitrous,  acid,  and  alkahne  bodies* 
In  (hort,  whatever  may  be  called  volatile,  rifes 
in  the  air  to  greater  or  lefs  heights,  according  to 
,  its  fpecific  gravity. 

When  the  effluvia,  which  arife  from  acid  and 
alkaline  bodies,  meet  each  other  in  the  air, 
there  will  be  a  ftrong  conflidt  ox* fermentation  be- 
tween them  ;  which  will  fometimes  be  fo  great, 
as  to  produce  a  fire;  then  if  the  effluvia  be 
combuftible,  the  fire  will  run  from  one  part  to 
another,  juft  as  the  inflammable  matter  happens 
to  lie. 

Any  one  may  be  convinced  of  this,  by  mixing 
an  acid  and  an  alkaline  fluid  together,  as  the 
fpirit  of  nitre  and  oil  of  cloves ;  upon  the  doing 
of  which,  a  fudden  ferment,  with  a  fine  flame, 
will  arife;  and  if  the  ingredients  be  very  pure 
and  ftrong,  there  will  be  a  fudden  explofion. 

Whoever  confiders  the  effefts  of  fermenta- 
tion, cannot  be    at   a  lofs  to  account  for  the 
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dreadful  cfFcfts  of  thunder  and  Ughtmng :  for  the 
efSuvia  of  fulphureous  and  nitrous  bodies^  and 
others  that  may  rife  into  the  atmofphere^  will 
ferment  with  each  other,  and  take  fire  very  often 
of  themfelves ;  fometimes  by  diQ  affiftance  of 
the  fun*s  heat. 

If  the  inflammable  matter  be  thin  and  light, 
it  will  rife  to  the  upper  part  of  the  atmoiphere, 
where  it  will  flalh  without  doing  any  harm  2  but 
if  it  be  denfe,  it  will  lie  near  the  furface  of  the 
earth,  where  taking  fire,  it  will  explode  with  a 
furprifmg  force ;  and  by  its  heat  rarefy  and  drive 
away  the  air,  kill  men  and  cattle,  Iplit  trees, 
walls,  rocks,  &c.  and  be  accompanied  with  ter- 
rible claps  of  thunder. 

The  heat  of  lightning  appears  to  be  quite 
different  from  that  of  other  fires ;  for  it  has 
been  known  to  run  through  wood,  leather, 
cloth,  &c.  without  hurting  them,  while  it  has 
broken  and  melted  iron,  fteel,  filver,  gold,  and 
other  hard  bodies.  Thus  it  has  melted  or  burnt 
afunder  a  fword,  without  hurting  the  fcabbard ; 
and  money  in  a  man's  pocket,  without  hurting 
his  cloaths  :  the  reafon  of  this  feems  to  be,  that 
the  particles  of  that  fire  are  fo  fine,  as  to  pals 
through  foft  loofe  bodies  without  diffolving  them ; 
while  they  fpend  their  whole  force  upon  the  hard 
ones. 

It  is  remarkable,  that  knives  and  forks  which 
have  been  (b^ck  with  lightning  have  a  very  ftrong 
magnetical  virtue  for  feveral  years  after  i  and  I 
have  heard  that  lightning  ftriking  upon  the  ma- 
riner's compafs,  will  fometimes  turn  it  round; 
and  often  make  it  ftand  the  contrary  way,  the 
riorth-pole  toward  the  fouth. 

Much  of  the  fame  kind  with  lightning,  are  Fire* 
^ofc  explofions,  called  fulminating  or  fire-damps^  damfi. 
I  which 
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^hich  fometimes  happen  in  mines  i  and  are  oc- 
cafioned  by  fulphureous  and  nitrous,  or  rather 
oleaginous  particles,  rifing  ffom  the  mine^  and 
mixing  with  the  air>  where  they  will  take  fire  by 
the  lights  which  the  workmen  are  dbliged  to 
make  ufe  of.  The  fire  being  kindled^  will  run 
from  one  part  of  the  mine  to  another^  like  a  train 
^  ^f  gunpowder,  as  the  combuftible  matter  hap- 

pens ro  lie.  And  as  the  ekfticity  of  the  air  is 
increafed  by  heat,  that  in  the  mine  will  confe- 
quently  /well  very  much,  and  fo,  for  want  of 
room,  will  explode  with  a  greater  or  leis  degree 
of  force,  according  to  the  denfity  of  the  com- 
buftible vapours.  It  is  fometimes  fo  ftrong»  as 
to  blow  up  the  mine;  and  at  other  times  £o 
weak,  that  when  it  has  taken  fire  at  the  flame  of 
a  candle,  it  is  caGly  blown  out. 

Air  that  will  take  fire  at  the  flame  of  a  candle 
may  be  produced  thus :  Having  exhaufted  a 
receiver  of  the  air-pump,  let  the  air  run  into  it 
through  the  flanrie  of  the  oil  of  turpentine ;  then 
remove  the  Cover  of  the  receiver,  and  holding  a 
candle  to  that  air,  it  will  take  fire,  and  burn 
quicker  or  flower,  according  to  the  denfity  of 
the  oleaginous  vapour. 
Earth'  When  fuch  cc»rfibuftible  matter^  as  is  above- 
^uakes.  nientioned,  kind  les  in  the  bowels  of  the  earth, 
where  there  is  little  or  no  vent,  it  produces  eartb- 
quakesy  and  violent  fl:orms  or  hurricanes  of  wind 
when  it  breaks  forth  into  the  air. 

An  artificial  eiarthquake  may  be  made  thus : 
Take  19  or  15  pounds  of  fulphur,  and  as  much 
of  the  filings  of  iron,  and  knead  them  with 
common  water  into  the  confiftency  of  a  pafte : 
this  being  buried  in,  the  ground,  will,  in  8  or 
10  hours  time,  burfl:  out  in  flames,  ^nd  caufe 
•      4  tbfe 
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die  earth  to  tremble  all  around  to  a  confiderable 
diftance. 

From  this  experiment  we  have  a  very  natural 
account  of  the  fires  of  mount  JEtna^  Vefuvius^ 
and  other  volcanos,  they  being  probably  fee  on 
fire  at  firft  by  the  mixture  of  fuch  metalline  and 
iulphureous  particles.  ^ 

The  air-^pump  being  conftrufted  the  fame  way  The  air^ 
as  the  water-pump,  whoever  underftands  the  onty  fump. 
will  be  at  no  lofs  to  underftand  the  other. 

Having  put  a  wet  leather  on  the  plate  L  XPl^^^Xiy 
of  the  air-pump,  place  the  glafs  receiver  M^^^*  *' 
upon  the  leather,  fo  that  the  hole  /  in  the  plate 
may  be  within  the  glafs.  Then,  turning  tho 
handle  F  backward  and  forward,  the  air  will  be 
pumped  out  of  the  receiver ;  which  will  then 
be  held  down  to  the  plate  by  the  preffure  of  the 
external  air,  or  atmofphere.  For,  as  the  handle 
^  (Fig,  a.)  is  turned  backward,  it  raifcs  the 
pifton  ^^  in  the  barrel  B.K^  by  means  of  the 
wheel  E  and  rack  B  d:  and,  as  the  pifton  is  lea- 
thered fo  tight  as  to  fit  the  barrel  exaftly,  no 
air  jcan  get  between  the  pifton  and  barrel ;  and 
therefore>  all  the  air  above  d  in  the  barrel  is 
lifted  up  toward  5,  and  a  vacuum  is  made  in 
the  barrel  from  ^  to  1?;  upop  which,  part  of  the 
air  in  the  receiver  Af  (Fig.  i.)  by  its  fpring, 
rufhes  through  the  hole  /,  in  the  brafs  plate 
L  Lj  along  the  pipe  G  G,  which  communicates 
with  both  barrels  by  the  hollow  trunk  I HK 
(Fig*  2.)  and  puftiing  up  the  valve  ^,  enters 
into  the  vacant  place  If  e  o(  the  barrel  B  K.  For, 
vherever  the  refiftance  or  preffure  is  taken  q{F, 
Ae  air  will  run  to  that  place,  if  it  can  fina  a 
paflage.  — •  Then,  if  the  handle  F  be  turned 
focward)  the  pifton  d  e  will  be  depreffed  in  th^ 
barrels  and,  as  the  air  which  had  got  into  tjie 
N  barrel 
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barrel  cannot  be  puihed  back  thibugh  tbeYilvtf 
by  it  will  afcend  through  a  hole  in  the  pifton, 
and  efcape  through  a  valve  at  di  and  fa^  hin<- 
dered  by  that  valve  from  returning  mto  the  bar« 
rel,  when  the  pifton  is  again  ruled.  At  the 
next  raifing  of  the  pifton^  a  vacuum  is  again 
made  in  the  fame  manner  as  before^  between  b 
and  e ;  upon  which»  niore  of  the  air  that  was 
left  in  the  receiver  Af,  gets  out  thence  by  its 
fpring^  and  runs  into  the  barrel  BKj  throu^ 
die  valve  B.  The  fame  thing  is  to  be  under- 
ftood  with  regard  to  the  other  barrel  AIi  and 
as  the  handle  F  is  turned  backward  and  for- 
ward, it  alternately  raifes  tod  deprefles  the  pif- 
tons  in  their  barrels';  always  raifing  one  whiter 
It  deprefles  the  other.  And,  as  there  is  a  va- 
cuum made  in  each  barrel  when  its  pifton  is 
raifed,  the  particles  of  air  in  the  receiver  M 
pufh  out  another  by  their  fpring  or  elafticity, 
through  the  hole  /,  and  pipe  G  G  into  the  bar- 
rels ;  until  at  laft  the  air  in  the  receiver  comes  to 
be  fo  much  dilated^  and  its  fpring  fo  far  weak- 
ened, that  it  can  no  longer  get  through  the 
valves;  and  then  no  more  can  be  taken  out. 
Hence,  there  is  no  fuch  thing  as  making  a  per- 
fcft  vacuum  in  the  receiver ;  for  the  quantity  of 
air  taken  out  at  any  one  ftroke,  will  always  be  as 
the  denfity  thereof  in  the  receiver :  and  there- 
fore it  is  impoflible  to  take  it  all  out,  becaufe, 
fuppofing  the  receiver  and  barrels  of  equal  ca- 
pacity, there  will  be  always  as  much  left  as  was 
taken  out  at  the  laft  turn  of  the  handle. 

There  is  a  cock  k  below  the  pump-plate, 
which  being  turned,  lets  the  air  into  the  receiver 
again ;  and  then  the  receiver  becomes  loofe,  and 
may  be  taken  off  the  plate.  The  barrels  are 
fixed  to  the  frame  Eee  hy  two  fcrew-nuts //i 
J  ivhich 
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which  prefs  down  the  top-piece  E  upon  the  bar- 
rels :  and  the  hollow  trunk  H  (in  Fig.  a.)  is  co- 
vered by  a  box,  as  G//^  in  Fig.  i. 

There  is  a  glafs  tube  Immmn  open  at  both 
ends,  and  about  34  inches  long ;  the  upper  end 
connnnunicating  with  the  hole  in  the  pump-plate, 
and  the  lower  end  iminerfed  in  quickfilver  at  n 
in  the  veffel  N.  To  this  tube  is  fitted  a  wooden 
ruler  m  w,  called  the  gage^  which  is  divided  into 
inches  and  parts  of  an  inch,  from  the  bottom  at 
%  (where  it  is  even  with  the  furface  of  the  quick- 
filver) and  continued  up  to  the  tqp,  a  little  be- 
low 4  to  30  or  31  inches. 

As  the  air  is  pumped  out  of  the  receiver  My  it 
is  likewife  pumped  out  of  the  glafs  tube  Imn^ 
becaufe  that  tube  opens  into  the  receiver  through 
the  pump-plate;  and  as  the  tube  is  gradually 
emptied  of  air,  the  quickfilver  in  the  veffel  N 
is  forced  up  into  the  tube  by  the  preffure  of  the 
atmofphere.  And  if  the  receiver  could  be  per- 
fe6lly  exhauiled  of  air,  the  quickfilver  would 
ftand  as  high  in  the  tube  as  it  does  at  that  time 
in  the  barometer :  for  it  is  fupported  by  the  fame 
power  or  weight  of  the  atmofphere  in  both. 

The  quantity  of  air  exhaufted  out  of  the  re- 
ceiver on  each  turn  of  the  handle,  is  always  pro- 
portionable to  the  afcent  of  the  quickfilver  on 
that  turn ;  and  the  quantity  of  air  remaining  in 
the  receiver,  is  proportionable  to  the  dcfeft  of 
the  height  of  the  quickfilver  in  the  gage,  from 
what  it  is  at  that  time  in  the  barometer. 

I  (hall  now  give  an  account  of  the  experiments 
made  with  the  air-pump  in  my  ledhires  j  {hew- 
ing the  fefiftance,  weight,  and  elafticity  of  the 
air. 

'  N  2  I.  Tp 


i8a  Of  the  Jir-Fump. 

I.  ^0  Jbe^t)  tbe  refijlance  of  the  air. 

I.  There  is  a  little  machine,  confifting  of  two 
^ig*  3*  mills,  a  and  b^  which  are  of  equal  weights,  in- 
dependent of  each  other,  and  turn  equally  free 
on  their  axes  -in  the  frame.  Each  mill  has  four 
thin  arms  or  fails,  fixed  into  the  axis :  thoie  of 
the  mill  a  have  their  planes  at  right  angles  to  its 
axis,  and  thofe  of  b  have  their  planes  parallel  to 
it.  Therefore,  as  the  mill  a  turns  round  in  com- 
mon air,  it  is  but  litde  refifted  thereby,  becaufe 
its  fails  cut  the  air  with  their  thin  edges:  but 
the  mill  b  is  much  refifted,  becaufe  the  broad 
(ides  of  its  fails  move  againft  the  air  when  it 
turns  round.  In  each  axle  is  a  pin  near  the 
middle  of  the  frame,  which  goes  quite  through 
the  axle,  and  ftands  out  a  little  on  each  fide  of 
it:  upon  thefe  pins  the  Aider  d  may  be  made 
to  bear,  and  fo  hinder  the  mills  from  going,  when 
the  ftrong  fpring  c  is  fet  on  bend  againft  the  op- 
pofite  ends  of  the  pins. 

Having  fct  this  machine  upon  the  pump- 
plate  LL  (Fig.  I.)  draw  up  the  Aider  d  to  the 
pins  on  one  fide,  and  fet  the  fpring  c  at  bend 
upon  the  oppofitc  ends  of  the  pins :  then  pufh 
down  the  Aider  dy  and  the  fpring  adting  equally 
ftrong  upon  each  mill,  will  fct  them  both  a 
going  with  equal  forces  and  velocities :  but  the 
vnill  a  will  run  much  longer  than  the  mill  ^, 
becaufe  the  air  makes  much  lefs  refinance  againft 
the  edges  of  its  lails,  than  againft  the  fides  of 
the  fails  of  b. 

Draw  up  the  filler  again,  and  fct  the  fpring 
upon  the    piris  as  before;    then  cover  the  ma- 
chine with  the   jecciver  M  upon    the   pump- 
fi^-  I.     plate,  and  !i;;vin.^  exl.auited  the  receiver  of  air, 

pufh 


Of  the  Air-Tump.  igj 

pufli  down  the  wire  P  P  (through  the  collar  of 
leathers  in  the  neck  q)  upon  the  Aider  j  which 
•will  difengage  it  from  the  pins,  and  allow  the 
mills  to  turn  round  by  the  impulfe  of  the  fpring: 
and  as  there  is  no  air  in  the  receiver  to  make  any 
fenfiblc  refinance  againft  them>  they  will  both 
move  a  confiderable  time  longer  than  they  did 
in  the  open  air  j  and  the  moment  that  one  flops, 
the  other  will  do  fo  too. — This  (hews  that  air  re- 
Cfts  bodies  in  motion,  and  that  equal  bodies  meet 
with  different  degrees  of  refiflance,  according  as 
they  prefent  greater  or  lefs  furfacos  to  the  air,  in 
the  planes  of  their  motions. 

2.  Take  off  the  receiver  Af,  and  the  mills  j  Fig.  4. 
and  having  put  the  guinea  a  and  feather  b  upon 
the  brafs  flap  r,  turn  up  the  flap,  and  fhut  it  into . 
the  notch  d.  Then,  putting  a  wet  leather  over 
the  top  of  the  tall  receiver  AB  (it  being  open  both 
at  top  and  bottom)  cover  it  with  the  plate  C, 
from  which  the  guinea  and  feather  tongs  ^  d  will 
then  hang  within  the  receiver.  This  done,  pump 
the  air  out  of  the  receiver ;  and  then  draw  up 
the  wire/  a  little,  which  by  a  fquare  piece  on  its 
lower  end  will  open  the  tongs  e  d ;  and  the  flap 
falling  down  as  at  r,  the  guinea  and  feather  will 
defcend  with  equal  velocities  in  the  receiver; 
and  both  will  fall  upon  the  pump-plate  at  the 
fame  inftant.  iV.  B.  In  this  experiment,  the  ob- 
fervers  ought  not  to  look  at  the  top,  but  at  thq 
bottom  of  the  receiver ;  in  order  to  fee  the  guinea 
and  feather  fall  upon  the  plate  j  otherwife  on  ac- 
count of  the  quicknefs  of  their  motion,  they  wil|. 
efcape  the  fight  of  the  beholders. 
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II.  TCoJhew  the  weight  of  the  air. 

1.  Having  fitted  a  brafs  cap^  with  a  valve 
tifcd  over  it,  to  the  mouth  of  a  thin  botde  or 
Florence  flafk,  whofc  contents  arc  exadtly  known^ 
fcrew  the  neck  of  this  cap  into  the  hole  i  of  the 
pump-plate :  then,  having  exhaufted  the  air  out 
of  the  Balk,  and  taken  it  off  from  the  pump^  let 
it  be  fufpended  at  one  end  of  a  balance,  and  nicely 
counterpoifcd  by  weights  in  the  fcale  at  the  other 
end :  this  done,  raife  up  the  valve  with  a  pin,  and 
the  air  will  rufh  into  the  flaflc  with  an  audible 
noife  :  during  which  time,  the  flafk  will  ddccnd, 
and  pull  down  that  end  of  the  beam.  When  the 
noife  is  over,  put  as  many  grains  into  the  fcale 
at  the  other  end  as  will  reftore  the  equilibrium ; 
and  they  will  fhew  exaftly  the  weight  of  the 
quantity  of  air  which  has  got  into  the  flaflc,  and 
filled  it.  If  the  flaflc  holds  an  exaft  quart,  it 
^ill  be  found,  that  i6  grains  will  reftore  the 
cquipoife  of  the  balance,  when  the  quickfilver 
ftands  at  294-  inches  in  the  barometer:  which 
fliews,  that  when  the  air  is  at  a  mean  rate  of  dpn- 
fity,  a  quart  of  it  weighs  16  grains:  it  weighs 
more  ^when  the  quickfilver  ftands  higher  j  and 
Icfs  when  it  ftands  lower. 

2.  Place  the  fmall  receiver  0  (Fig.  i.)  over 
the  hole  /  in  the  pump-plate,  and  upon  exhaufting 
the  air,  the  receiver  will  be  fixed  down  to  the 
plate  by  the  prefllire  of  the  air  on  its  outfide, 
which  is  left  to  aft  alone,  without  any  air  in  the 
receiver  to  aft  againft  it :  and  this  preflure  will 
be  equal  to  as  many  times  15  pounds,  as  there 
are  fquare  inches  in  that  part  of  the  plate  which 
the  receiver  covers ;  which  will  hold  down  the 
receiver  fo  faft,  that  it  cannot  be  got  ofl^,  unnl 

the 
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the  air  be  let  into  it  by  turning  the  cock  k ;  and 
then  it  becomes  loofe. 

3.  Set  the  little  glafs  AB  (which  is  open  at  Fig.  5. 
both  ends)  over  thp  hole  i  upon  the  pump*platc 

L  L,  and  put  your  hand  clofe  upon  the  top  of  it 
at  £ :  then,  upon  exhaufting  the  air  out  of  the 
glafs,  you  will  find  your  hand  prefled  down  with 
a  great  weight  upon  it :  fo  that  you  can  hardly 
releafe  it,  until  the  air  be  re-admitted  into  the 
glafs  by  turning  die  cock  k  \  which  air,  by  aft- 
ing  as  ftrongly  upward  againft  the  hand  as  the 
external  air  afted  in  prefling  it  downward,  will 
releafe  the  hand  from  its  confinement. 

4.  Having  tied  a  piece  of  wet  bladder  b  over  Fig.  $. 
the  open  top  of  the  glafs  A  (which  is  alfo  open  at 
bottom)  fet  it  to  dry,  and  then  the  bladder  will 

be  tight  like  a  drum.  Then  place  the  open  end  , 
j(t  upon  the  *pumprplate,  over  the  hole  /,  and 
begin  to  exhauft  the  air  out  of  the  glais.  As 
the  air  is  exhaufHng,  its  fpring  in  the  glafs  will 
be  weakened,  and  give  way  to  the  preflure  of  the 
outward  air  on  the  bladder,  which,  as  it  is  prefled 
down,  yvill  put  on  a  fpherical  concave  figure, 
which  will  grow  deeper  and  deeper,  until  the 
ftrength  of  the  bladder  be  overconrte  by  the 
weight  of  the  air ;  and  then  it  will  burft  with  a 
report  as  loud  as  that  of  a  gun.-«-<'If  a  flat  piece 
of  glafs  be  laid  upon  the  open  top  of  this  re- 
ceiver, and  joined  to  it  by  a  flat  ring  of  wet 
leather  between  them;  upon  pumping  the  air 
put  of  the  receiver,  the  preflure  of  the  outward 
air  upon  the  flat  glafs  will  break  it  to  pieces. 

5.  Immerfe  the  neck  cd  o(  the  hollow  glafs  p;g,  ^, 
ball  ^  ^  in  water,  contained  in  the  phial  a  a ;  then 

fet  it  upon  the  pump-plate,  and  cover  it  and  the 

hole  i  with  the  clofe  receiver  4i  and  then  begin 

N  4  to 
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to  pump  but  the  ain  As  the  air  goes  out  of  tfie 
receiver  by  its  fpring,  it  will  alfo  by  the  fame 
means  go  out  of  the  hoUoW  ball  e  i,  ^through  the 
neck  d  c^  and  rife  up  in  bubbles  to  the  furface  of 
the  water  in  the  phial ;  from  whence  it  will  make 
its  way,  with  the  reft  of  the  air  in  the  receiver, 
through  the  air-pipe  G  G  and  yalves  a  and  b^  into 
the  open  air.  When  it  has  done  bubbling  in 
the  phial,  the  ball  is  fufficiently  exhauftcd  $  and 
then,  upon  turning  the  cock  .*,  the  jur  will  get 
into  the  receiver,  and  prefs  fo  upon  the  furface 
of  the  water  in  the  phial,  as  to  force  the  water 
up  into  the  ball  in  a  jet,  through  the  neck  c  d$ 
and  will  fill  the  ball  almoft  full  of  water.  The 
reafon  why  the  ball  is  not  quite  filledi  is  becaufe 
all  the  air  could  not  be  taken  out  of  it ;  and  the 
fmall  quantity  that  was  left  in,  and  had  expanded 
itfelf  fo  as  to  fill  the  whole  ball,  is  now  condenfed 
into  the  fame  ftate  as  the  outward  air,  and  re- 
mains in  a  fmall  bubble  at  the  top  of  the  ball ; 
and  fo  keeps  the  water  from  filling  that  part  of 
the  ball. 
Figfc  8.  6.  Ponr  fome  quickfilver  into  the  jar  D,  and 
fet  it  on  the  pump-plate  near  the  hole  / ;  then 
fct  on  the  tall  open  receiver  ^5,  fo  as  to  be  over 
the  jar  and  hole ;  and  cover  the  receiver  with  the 
brafs  plate  C.  Screw  the  open  glafs  tube  fg 
(which  has  a  brafs  top  on  it  at  b)  into  the  fyringe 
//,  and  putting  the  tube  through  a  hole  in  th« 
middle  of  the  plate,  fo  as  to  immerfe  the  lower 
end  of  the  tube  e  in  the  quickfilver  at  Z),  fcrew 
the  end  b  of  the  fyringe  into  the  plate.  This 
done,  draw  up  the  pifton  in  the  fyringe  by  the 
ring/,  which  will  make  a  vacuum  in  the  fyringe, 
below  the  pifton  ;  and  as  the  upper  end  of  the 
tnbe  opens  into  the  fyringe,  the  air  will  be  di- 
lated in  the  tube,  becaufe  part  of  it,  by  its  fpring, 

gets 
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gets  up  into  the  fyringc;  and  the  fpring  of  the 
nndilated  air  in  the  receiver  adding  upon  the 
furface  of  the  quickfilver  in  the  jar,  will  force 
part  of  it  up  into  the  tube:  for  the  quickfilver 
will  follow  the  pifton  in  the  fyringe,  in  the  fame 
way,  and  for  the  fame  reafon,  that  water  follows 
the  pifton  of  a  common  pump  when  it  is  raifed 
in  the  pump-barrel ;  and  this,  according  to  fome, 
is  done  by  fuftion.  But  to  refute  that  erroneous 
notion,  let  the  air  be  pumped  out  of  the  receiver 
JlBy  and  then  all  the  quickfilver  in  the  tube  will 
fall  down  by  its  own  weight  into  the  jar;  and  can- 
not be  again  raifed  one  hair's  breadth  in  the  tube 
by  working  the  fyringe :  which  fhews  that  fuc- 
tion  had  no  band  in  raifing  the  quickfilver ;  and, 
to  prove  that  it  is  done  by  preflbre,  let  the  air 
into  the  receiver  by  the  cock  k  (Fig.  i.)  and  its 
action  upon  the  furface  of  the  quickfilver  in  the 
jar  will  raife  it  up  into  the  tube,  although  the 
pifton  of  the  fyringe  continues  motionlefe. — If 
the  tube  be  about  32  or  33  inches  high,  the 
quickfilver  will  rife  in  it  very  near  as  high  as  it 
ftands  at  that  time  in  the  barometer.  And,  if 
the  fyringe  has  a  fmall  hole,  as  w,  near  the  top 
of  it,  and  the  pifton  be  drawn  up  above  that  hole, 
the  air  will  rufii  through  the  hole  into  the  fy- 
ringe and  tube,  and  the  quickfilver  will  imme- 
diately fall  down  into  the  jar.  If  this  part  of  the 
apparatus  be  air-tight,  the  quickfilver  may  be 
pumped  up  into  the  tube  to  the  fame  height  that 
it  ftands  in  the  barometer;  but  it  will  go  no 
higher,  becaufe  then  the  weight  of  the  column 
of  quickfilver  in  the  tube  is  the  fame  as  the  weight 
of  a  column  of  air,  of  the  fame  thicknefs  with  the 
quickfilver,  reaching  from  the  earth  to  the  top  of 
the  atqnofphere. 

7.  Having 
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Fig.  9.  7-  Having  placed  the  jar  A^  with  fome-quick* 
filver  in  it,  on  the  pump-piate^  as  in  the  h^ 
experiment)  cover  it  wi.h  the  receiver  B\  then 
pu(h  the  open  end  of  the  gla&  tube  d  e  through  « 
the  collar  of  leathers  in  the  brafs  neck  C  (which 
St  fks  fo  as  to  be  air-tight)  almoft  down  to  the 
quickfllver  in  the  jar.  Then  exhauft  the  air 
out  of  the  receiver^  and  it  will  alio  come  out  of 
the  tube,  becaufe  the  tube  is  cloie  at  top.  When 
the  gauge  m  m  fhews  that  the  receiver  is  well 
cxhanfted,  pufli  down  the  tube,  fo  as  to  immerie 
its  lower  end  into  the  quickfllver  in  the  jar« 
Now,  although  the  tube  be  exhaufted  of  air» 
none  of  the  quickfllver  will  rife  into  it,  becaufe 
there  is  no  air  left  in  the  receiver  to  prefs  upon 
ks  furface  in  the  jar.  But  let  the  air  into  the 
receiver  by  the  cock  ky  and  the  quickfllver  will 
immediately  rife  in  the  tube ;  and  ftand  as  high 
in  it,  as  it  was  pumped  up  in  the  laft  experi- 
ment. 

Both  thefe  experiments  fliew,  that  the  quick- 
filver  is  fupported  in  the  barometer  by  the  pref- 
fure  of  the  air  on  its  furface  in  the  box,  in  which 
the  open  end  of  the  tube  is  placed.  And  that 
the  more  denfe  and  heavy  the  air  is,  the  higher 
does  the  quickfllver  rife;  and,  on  the  contraryjj 
the  thinner  and  lighter  the  air  is,  the  more  will 
the  quickfllver  fall.  For  if  the  handle  F  be 
turned  ever  fo  little,  it  takes  fome  air  out  of  the 
receiver,  by  raiflng  one  or  other  of  the  piftons  in 
its  barrel ;  and  confequently,  that  which  remains 
in  the  receiver  is  fo  much  the  rarer,  and  has  fo 
much  the  lefs  fpiing  and  weight;  and  thereupon^ 
the  quickfllver  falls  a  little  in  the  tube:  but 
upon  turning  the  cock,  and  re-admitting  the  air 
into  the  receiver,  it  becomes  as  weighty  as  be- 
fore, and  the  quickfllver  rifcs  again  to  the  fame 

height. 
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height.— Thus  we  fee  the  rcafon  why  the  quick-* 
filver  in  the  barometer  falls  before  rain  df  fnow, 
and  rifcs  before  fair  weather  j  for,  in  the  former 
cafe,  the  air  is  too  thin  and  light  to  bear  pp  the 
vapours^  and  in  the  latter,  too  denfe  and  heavy 
to  let  them  fall. 

N.  B.  In  all  mercurial  experiments  with  the 
air-pump,  a  ihort  pipe  muft  be  fere  wed  into  the 
hole  /,  fo  as  to  rife  about  an  inch  above  the  plate^ 
to  prevent  the  quickfilvcr  from  getting  into  the 
air-pipe  and  barrels,  in  cafe  anv  of  it  Ihould  be 
accidentally  fpilt  over  the  jar ;  for  if  it  once  gets 
into  the  pipes  or  barrels,  it  fpoils  them,  by  loo^n-i* 
ingthe  lolder,  and/corroding  the  brafs. 

8.  Take  the  tube  out  of  the  receiver,  and  put 
one  end  of  a  bit  of  dry  hazel  branch,  about  an 
inch  long,  tight  into  the  hole,  and  the  other  end 
tight  into  a  hole  quite  through  the  bottom  of  a 
fmall wooden  cup:  then  pour  (bme  quickfilver 
ipto  the  cup,  and  exhaufl  the  receiver  of  air,  and 
the  prefTure  of  the  outward  afr,  on  the  furface 
of  the  quickfilver,  will  force  it  through  the  pores 
of  the  hazel,  from  whence  it  will  defcend  in  a 
beautiful  fhower  into  a  glals  cup  placed  under 
the  receiver  to  catch  it. 

9.  Put  a  wire  through  the  collar  of  leathers  in 
the  top  of  the  receiver,  and  fix  a  bit  of  dry  wood 
on  the  end  of  the  wire  within  the  receiver ;  then 
exhaufl  the  air,  and  pufh  the  wire  down,  fo  as  to 
immerfe  the  wood  into  a  jar  of  quickfilver  on  the 
pump-plate;  this  done,  let  in  the  air,  and  upon 
taking  the  wood  out  of  the  jar,  and  fplitting  it, 
its  pores  will  be  found  full  of  quickfilver,  which 
the  force  of  the  air,  upon  being  let  into  the  re- 
ceiver, drove  into  die  wood. 

10.  Join  the  two  brafs  hemifpherical  cups  A?\g.  lo^ 
and  5  together,  with  a  wet  leather  between  them, 

having 
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ing  a  hole  in  the  middle  of  it  %  then  (crew  the 
end  D  of  the  pipe  CD  into  the  plate  of  the 
pump  at  iy  and  turn  the  cock  £,  ib  as  the.  pipe 
may  be  open  all  the  way  into  the  cavity  of  die 
hcmifpheres :  then  exhauft  the  air  out  of  diem^ 
and  turn  the  cock  a  quarter  round>  which  will 
Ihut  the  pipe  CD,  and  keep  out  the  air.  This 
done,  unlcrew  the  pipe  at  D  from  the  pump& 
and  fcrew  the  piece  Fb  upon  it  at  Dj  and  let 
two  fttong  men  try  to  pull  die  hcmifpheres  afun- 
der  by  thQ  rings  g  and  hy  which  they  will  find 
hard  to  do :  for  if  the  diameter  of  the  hemi-* 
Jpheres  be  four  inches,  they  will  be  prefled  to- 
gether by  the  external  air  with  a  force  equal  to 
190  pounds.  And  to  fiiew  that  it  is  the  preffurc 
CI  the  air  that  keeps  them  together,  hang  them 
by  either  of  the  rings  upon  the  hook  P  of  the 
wire  in  the  receiver  M  (Fig.  1.)  and  upon  ex- 
haufting  the  air  out  of  the  receiver,  they  will  fall 
afundcr  of  themfelves. 

1 1.  Place  a  fmall  receiver  0  (Fig.  i.)  near  the 
hole  /  on  the  pump-plate,  and  cover  both  it  and 
the  hole  with  the  receiver  M\  and  turn  the 
wire  fo  by  the  top  P,  that  its  hook  may  take 
hold  of  the  little  receiver  by  a  ring  at  its  top^ 
allowing  that  receiver  to  (land  with  its  own 
weight  on  the  plate.  Then,  upon  working  the 
pump,  the  air  will  come  out  of  both  receivers ; 
but  the  large  one  M  will  be  forcibly  held  down 
to  the  pump  by  the  preffure  of  the  external  air ; 
while  the  fmall  one  0,  having  no  air  to  prcfs  up- 
on it,  will  continue  loofe,  and  may  be  drawn  up. 
and  let  down  at  pleafure,  by  the  wire  PP.  But, 
upon  letting  it  quite  down  to  the  plate,  and  ad- 
mitting the  air  into  the  receiver  M,  by  the  cock 
it,  the  air  will  prefs  10  ftrongly  upon  the  fmall 
receiver  O,  as  to  fix  it  down  to  the  plate  s  and  at 
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the  fame  time,  by  counterbalancing  the  outward 
preflTure  on  the  large  receiver  A/,  it  will  become 
loofe.  This  experiment  evidently  Ihews,  that 
the  receivers  are  held  down  by  prefTure,  and 
not  by  fuftion,  for  the  internal  receiver  conti- 
nued loofe  while  the  operator  was  pumping,  and 
the  external  one  was  held  down ;  but  the  former 
became  faft  immediately  by  letting  in  the  air 
upon  it. 

12.  Screw  the  end  ^  of  the  brafs  pipe  J  BF  Fig.  lu 
into  the  hole  of  the  pump-plate,  and  turn  the 

cock  e  until  the  pipe  be  open  ;  then  put  a  wet 
leather  «pon  the  plate  c  d,  which  is  fixed  on  the 
pipe,  and  cover  it  with  the  tall  receiver  GH, 
which  is  clofe  at  top :  then  exhauft  the  air  out 
of  the  receiver,  and  turn  the  cock  €  to  keep  it 
out;  which  done,  unfcrew  the  pipe  from  the 
pump,  and  fet  its  end  A  into  a  bafon  of  water, 
and  turn  the  cock  e  to  open  the  pipe;  on  which, 
as  there  is  no  air  in  the  receiver,  the  preflure  of 
the  atmofphere  on  the  water  in  the  bafon  will 
drive  the  water  forcibly  through  the  pipe,  and 
make  it  play  up  in  a  jet  to  the  top  of  the  re- 
ceiver/ 

13.  Set  the  fquare  phial /^  (Fig.  14.)  upon  the 
pump-plate,  and  having  covered  it  with  the  wire 
cage  By  put  a  clofe  receiver  over  it,  and  exhauft 
the  air  out  of  the  receiver ;  in  doing  of  which, 
the  air  will  alfo  make  its  way  out  of  the  phial 
through  a  fmall  hole  in  its  neck  under  the  valve 
I?.  When  the  air  is  exhaufted,  turn  the  cock 
below  the  plate,  to  re-admit  the  air  into  the 
receiver:  and  as  it  cannot  get  into  the  phial 
again,  becaufe  of  the  valve,  the  phial  will  be 
broke  into  fomc  thoufands  of  pieces  by  the  pref- 
furc  of  the  air  upon  it.  Had  the  phialbeen 
of  a  round  form,  it  would  have  fuftained  this' 

preflure 
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peflure  like  an  arch^  without  breaking;  bitt  aa 
Its  fides  .are  flat^  it  cannot. 

To  Jhew  the  elajlicity  or  Jprb^  tf  tbi  idt. 

14.  Tie  up  a  very  fmall  quandcy  of  ur  in  a 
bladder^  and  jput  it  under  i  receiver;  then  exbauft 
the  air  out  or  the  receiver;  and  the  ffxiatt  quan- 
tity which  is  confined  in  the  bladder  (having  no- 
thing to  aft  againft.it)  will  expand  itfelf  u>  by 
the  force  of  its  fpring»  as  to  fill  the  bladder  as 
full  as  it  could  be  blown  of  common  air.  But 
upon  letting  the  air  into  the  reviver  ag^,  it 
will  ovefpower  the  air  in  the  bladder,  and  prefs 
its  (ides  alilnoft  clpfe  together. 

15.  If  the  bladder  fo  tied  up  be  put  into  a 
wooden  box,  and  have  10  or '30  pound  weight 
of  lead  put  upon  it  in  the  box,  and  the  box  be 
covered  with  a  clofc  receiver  j  upon  exhaufting 
the  air  out  of  the  receiver,  that  air  >^hich  is  con- 
fined in  the  bladder  will  expand  itfelf  lb,  as  to 

.  raife  up  all  the  lead  by  the  force  of  its  fpring. 

Pig^  7.  ^^  Take  the  glafs  ball  mentioned  in  the  fifth 
experiment,  whicJf  was  left  full  of  water  all  but 
a  fmall  bubble  of  air  at  top,  and  having  fet  it 
with  its  neck  downward  into  the  empty  phial  a  a^ 
and  covered  it  with  a  clofe  receiver,  exhauft  the 
air  out  of  the  receiver, .  and  the  fmall  bubble  of 
air  in  the  top  of  the  ball  will  expand  itfelf,  fb  as 
10  force  all  the  water  out  of  the  ball  into  the 
phial. 

Fig.  II.  17.  Screw  the  pipe  AB  into  the  pump-plate, 
place  the  tall  receiver  G  H  upon  the  plate  r  ^,  as 
\  in  the  twelfth  experiment,  and  exhauft  the  air 

out  of  the  receiver;  then,  turn  the  cock  i  to 
keep  out  the  air,  unfcrew  the  pipe  fi'om  the 
pump,  and  fcrew  it  into  the  mouth  of  the  coiq>er 

veflcl 
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vcflel  CC^(Jt\g.  15.)  tb€  vcflel  having  fiHl  been 
about  h^f  filled  with  water.  Then  open  the 
cock  e  (Fig.  11.)  and  the  fpring  of  the  air  which 
is  confined  in  the  copper  veffel  will  force  the 
water  up  through  the  pipe  A  B  in  z  jet  into  the 
exhauftcd  receiver,  as  ftrbngly  as  it  did  by  it* 
preflure  on  the  furface  of  the  water  in  a  bafbn, 
m  the  twelfth  experiment. 

18.  If  a  fowl,  a  cat,  rat,  mou(e,  or  bird,  be 
put  under  a  receiver,  and  the  air  be  exhaufted, 
the  animal  will  be  at  firft  opprefled  as  with  a 
great  weight,  then  grow  convulfed,  and  at  lafl: 
expire  in  all  the  agonies  of  a  mod  bitter  and 
cruel  death.  But  as  this  experiment  is  too 
(hocking  to  every  fpe(5tator  who  has  the  leaft  de- 
gree of  humanity,  we  fubftitute  a  machine  called 
the  langS'glafs  in  place  of  the  animal. 

19.  If  a  butterfly  be  fufpendcd  in  a  receiver, 
by  a  fine  thread  tied  to  one  of  its  horns,  it, will  fly 
about  in  the  receiver,  as  long  as  the  receiver 
continues  full  of  air ;  but  if  the  air  be  exhauiled, 
though  the  animal  will  not  die,  and  will  continue 
to  flutter  its  wings,  it  cannot  rempve  itfelf  from 
the  place  where  it  hangs  in  the  middle  of  the  re- 
ceiver, until  the  air  be  let  in  again,  and  then  the 
animal  will  fly  about  as  before. 

.  20.  Pour  fome  quickfilver  into  the  fmall  bottle  Tig.  u 
A,  and  fcrew  the  brafs  collar  c  of  the  tube  B  C  • 
into  the  brafs  neck  i  of  the  bottle,  and  the  lower 
end  of  the  tube  will  be  immerfed  into  the  quick- 
filver, fo  that  the  air  above  the  quickfilver  in  the 
botde  will  be  confined  there,  becaufe  it  cannot 
get  out  about  the  joinings,  nor  can  it  be  drawn 
out  through  the  quickfilver  into  the  tube.  This 
tube  is  alfo  open  at  top,  and  is  to  be  covered  with 
the  receiver  G  and  large  tube  E  h\  which  tube  is 
fixed  by  brais  collars  to  the  receiver,  and  is  clofe 
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at  the  top.    This  preparadon  behig  made,  «« 
haufl:  the  air  both  out  of  the  receiver  and  its 
tube;  and  the  air  will  by  the  fame  means  be 
exhaufted  out  of  the  inner  tube  B  Cj  throu^ 
its  open  top  at  C\  and  as  the  receiver  and  tubes 
are  exhaufting,  the  air  that  is  confined  in  the  glais 
bottle  A  will  prefs  fo  by  its  ipring  upon  the  iur- 
face  of  the  quickfilver^  as  to  force  it  up  in  the 
inner  tube  as  high  as  it  was  raifed  in  the  ninth 
experiment  by  the  preflure  of  the  atmofphere  i 
which  demonftrates  diat  the  Ipring  of  the  air  is 
equivalent  to  its  weight. 
Kg- 13.       21.  Screw  the  end  C  of  the  pipe  CD  into  the 
hole  of  the  pump-plate^  and  turn  all  the  three 
cocks  dy  G,  and  //,  fo  as  to  open  the  communi- 
cations between  all  the  three  pipes  £,  Fy  D  C^ 
and  the  hollow  trunk  ji  B.     Then,  cover  the 
plates  g  and  b  with  wet  leathers,  which  have 
holes  in  their  middle  where  the  pipes  open  into 
the  plates ;  and  place  the  clofe  receiver  /upon 
the  plate  g :  this  done,  (hut  the  pipe  F  by  turn- 
ing the  cock  Hy  and  exkauft  the  air  out  of  the 
receiver  /.     Then,  turn  the  cock  d  to  fhut  out 
the  air,  unfcrew  the  machine  from  thd  pump, 
and  having  fcrewed  it  to  the  wooden  foot  Z,  put 
the  receiver  K  upon  the  plate  b  ^  this  receiver 
will  continue  loofe  on  the  plate  as  long  as  ic 
keeps  full  of  air;  which  it  will  do  until  the  cock 
J¥  be  turned  to  open  the  commuric-:;t:ion  between 
the  pipes  F  and  £,  through  the  trunk  j4  B ;  and 
then  the  air  in  the  receiver  A",  having  nothing  to 
aft  againft  its  fpring,  will  run  from  K  into  /,  un- 
til it  be  fo  divided  between  thefe  receivers,  as  to 
be  of  equal  denfity  in  both ;  and  then  they  will 
be  held  down  with  equal  forces  to  their  plates  by 
the  preffure   of  the  atmol'phere  5    though  each 
receiver  will  then  be  kept  down  but  widi  one 
4  half 
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half  of  preflure  upon  it,  that  the  receiver  /had, 
M^hen  it  was  exhaufted  of  air ;  becaufe  it  has  now 
one  half  of  the  comnnon  air  in  it  which  filled  the 
receiver  K  when  it  was  fet  upon  the  plate  $  and 
therefore  a  force  equal  to  half  the  force  of 
the  fpring  of  common  air,  will  a6t  within  the 
receivers  againft  the  whole  preflure  of  the  com- 
mon air  upon  their  outfides.  This  is  called 
transferring  the  air  out  of  one  veflel  into  an- 
other. 

22.  Put  a  cork  into  the  fquare  phial  jI^  and  Fig.  14; 
fix  it  in  with  wax  or  cement ;  put  the  phial  upon 

the  pump-|)late  with  the  wire  cage  B  over  it, 
and  cover  the  cage  with  a  clofe  receiver.  Then, 
cxhauft  the  air  out  of  the  receiver,  and  the  air 
that  was  corked  up  in  the  phial  will  break  the 
phial  by  the  force  of  its  foring,  becaufe  there  is  no 
air  left  on  the  outflde  of  the  phial  to  a£t  againft 
the  air  within  it. 

23.  Put  a  fhrivelled  apple  under  a  clofe  re- 
ceiver, and  exhauft  the  air ;  then  the  fpring  of 
the  air  within  the  apple  will  plump  it  out,  fo  as 
to  caufe  all  the  wrinkles  to  difappear  \  but  upon 
letting  the  air  into  the  receiver  again,  to  prefe 
upon  the  apple,  it  will  inftantly  return  to  its 
former  decayed  and  fhrivelled  (late. 

24.  Take  a  frelh  egg,  and  cut  off  a  little  of 
the  fliell  and  film  from  its  fmalleft  end,  then  put 
the  egg  under  a  receiver,  and  pump  out  the  air; 
upon  which,  all  the  contents  in  the  egg  will  be 
forced  out  into  the  receiver,  by  the  expanfion  of 
a  fmall  bubble  of  air  contained  in  the  great  end, 
between  the  (hell  and  film. 

25.  Put  fome  warm  beer  into  a  glafs,  and  hav- 
ing Tet  it  on  the  pump,  cover  it  with  a  clofe  re-  • 
ceiver,  and  then  exhauft  the  air.     While  this  is 
doing,  and  thereby  the  preflure  more  and  more 
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taken  off  from  the  beer  in  the  glafs,  the  air  there- 
in will  expand  itfelf^  and  rife  up  in  innumerable 
bubbles  to  the  furface  of  the  beer;  and  from 
thence  it  will  be  taken  away  with  the  other  air  in 
the  receiver.  When  the  receiver  is  nearly  ex- 
haufted,  the  air  in  the  beer,  which  could' not 
difentangle  itfelf  quick  enough  to  get  off  with 
the  reft,  will  now  expand  itfelf  fb,  as .  to  c^ufe 
the  beer  to  have  all  the  appearance  of  boiling ; 
and  the  greateft  part  of  it  will  go  over-  the 
glafs. 

26.  Put  fbme  warm  water  into  a  glafs,  and  put 
a  bit  of  dry  wainfcot  or  other  wood  into  the 
water.  Then,  cover  the  glafs  with  a  clofc  re- 
ceiver, and  exhauft  the  air ;  upon  which,  the  air 
in  the  wood  having  liberty  to  expand  itfelf,  will 
come  out  plentifully,  and  make  all  the  water  to 
bubble  about  the  wood,  efpecially  about  the 
ends,  becaufe  the  pores  lie  lengthwife.  A  cubic 
inch  of  dry  wainfcot  has  fo  much  air  in  it,  that 
it  will  continue  bubbling  for  near  half  an  hour 
together. 

Mijcellaneous  Experiments. 

27.  Screw  the  fyringe  //  (Fig.  8.)  to  a  piece 
of  lead  that  weighs  one  pound  at  leaft ;  and, 
holding  the  lead  in  one  hand,  pull  up  the  pifton 
in  the  fyringe  with  the  other;  then,  quitting 
hold  of  the  lead,  the  air  will  pufh  it  upward, 

,  and  drive  back  the  fyringe  upon  the  pifton. 
The  rcafon  of  this  is,  that  the  drawing  up  of  the 
pifton  makes  a  vacuum  in  die  fyringe,  and  the 
air,  which  preflcs  every  way  equally,  having 
nothing  to  refift  its  preffure  upward,  the  lead  is 
thereby  prefled  upv/ard,  contrary  to  its  natural 
tendency  by  graviry.     If  the  fyringe,  fo  loaded, 

be 
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be  hung  in  a  receiver,  and  the  air  be  exhauftcd, 
the  fyringe  and  lead  will  defcend  upon  the  pifton- 
rod  by  their  natural  gravity  j  and,  upon  adnait- 
ting  the  air  into  the  receiver,  they  will  be  drove 
upward  again,  until  the  pifton  be  at  the  very 
bottom  of  the  fyringe. 

18.  Let  a  large  piece  of  cork  be  fufpended 
by  a  thread  at  one  end  of  a  balance,  and  coun- 
terpoifcd  by  a  leaden  weight,  fufpended  in  the 
fame  manner,  at  the  other.  Let  this  balance  be 
hung  to  the  infide  of  the  top  of  a  large  receiver; 
which  being  fet  on  the  pump,  and  the  air  ex- 
haufted,  the  cork  will  preponderate,  and  (hew 
itfelf  to  be  heavier  than  the  lead ;  but  upon 
letting  in  the  air  again,  the  equilibrium  will  be 
reftored.  The  reafon  of  this  is,  that  fince  the 
air  is  a  fluid,  and  all  bodies  lofe  as  much  of  their 
abfolute  weight  in  it,  as  is  eqn^l  to  the  weight 
of  their  bulk  of  the  fluid,  the  cork  being  the 
larger  body,  lofes  more  of  its  real  weight  than 
the  lead  does;  and  therefore  muft  in  faft  be 
heavier,  to  balance  it  under  the  difadvantage  of 
lofing  fome  of  its  weight :  which  difadvantage 
being  taken  off  by  removing  the  air,  the  bodies 
then  gravitate  according  to  their  real  quantities 
of  matter,  and  the  cork,  which  balanced  the 
lead  in  air,  fhews  itfelf  to  be  heavier  when  in 
vacuo. 

29.  Set  a  lighted  candle  upon  the  pump,  and 
cover  it  with  a  tall  receiver.  If  the  receiver 
holds  a  gallon,  the  candle  will  burn  a  minute ; 
and  then,  after  having  gradually  decayed  from 
the  firft  inftant,  it  will  go  out :  which  (hews,  that 
a  conftant  fupply  of  fre(h  air  is  neceflary  to  feed 
flame ;  and  fo  it  alfo  is  for  animal  life.  For  a 
bird  kept  under  a  clofe  receiver  will  foon  die, 
although  no  air  be  pumped  outj  and  it  is 
O  2  found 
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found  that,  in  the  diving*bell>^  a  gallon  of  air 
is  fufEcient  only  for  one  minute  for  a  man  to 
breathe  in. 

The  moment  when  the  candle  goes  out,  the 
fmoke  will  be  feen  to  afcend  to  the  top  of  the 
receiver,  and  there  it  will  form  a  fort  or  cloud : 
but  upon  exhaufting  the  air,  the  fmolce  will  fall 
down  to  the  bottom  of  the  receiver,  and  leave  it 
as  clear  at  the  top  as  it  was  before  it  was  let  upon 
the  pump.  This  fhews,  that  fmoke  does  not 
afcend  on  account  of  its  being  pofitively  li^t, 
but  becaufe  it  is  lighter  than  air  i  and  its  famng 
to  the  bottom  when  the  air  is  taken  awa7>  (hews, 
that  it  i6  not  deftitute  of  weight.  So  moft  forts 
of  wood  afcend  or  fwim  in  water;  and  yet  there 
are  none  who  doubt  of  the  wood's  having  gra- 
vity or  weight. 

30.  Set  a  receiver,  which  is  open  at  top,  upon 
the  air-pump,  and  cover  it  with  a  braw  plate, 
and  wet  leather ;  and  having  exhaufted  it  of  air, 
let  the  air  in  again  at  top  through  an  iron  pipe, 
making  it  pafs  througli  a  charcoal  flame  at  the 
end  of  die  pipe  i  and  when  the  receiver  is  full 
of  that  air,  lift  up  the  cover,  and  let  down  a 
moufe  or  bird  into  the  receiver,  and  the  burnt 
air  will  immediately  kill  it.  If  a  candle  be  let 
down  into  that  air,  it  will  go  out  direftly ;  but, 
by  letting  it  down  gently,  it  will  purify  the  air 
fo  far  as  it  goes ;  and  fo,  by  lettbg  It  down  more 
and  more,  the  flame  v/iU  drive  out  the  bad.  air, 
and  good  air  will  get  in. 

^^i.  Set  a  bell  upon  a  cufhion  on  the  pump- 
plate,  and  cover  it  with  a  receiver ;  then  fliake 
the  pump  to  make  the  clapper  ftrike  againft  the 
bell,  and  the  found  Vvill  be  very  well  heard:  but, 
cxhauft  the  receiver  of  air,  and  then,  if  the 
clapper  be  made  to  ftiikc  ever  fo  hard  againft 
2  the 
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the  bell,  it  will  make  no  found  at  all ;  which 
fhcws,  that  air  is  abfolutely  neceflary  for  the  pro- 
pagation of  found* 

32.  Let-  a  candle  be  placed  on  one  fide  of  a 
receiver,  and  viewed  through  the  receiver  at 
(bnnc  diftance;' then,  as  foon  as  the  air  begins 
to  be  exhaufted,  the  receiver  will  be  filled  with 
vapours  which  rife  from  the  wet  leather,  by  the 
fpring  of  the  air  in  it;  and  the  light  of  the 
candle  being  refrafted  through  that  medium  of 
vapours,  will  have  the  appearance  of  circles  of 
various  colours,  of  a  faint  refemblance  to  thpfc 
in  the  rain-bow. 

The  air-pump  was  invented  by  Otho  GuerUk 
of  Magdeburg,  but  was  much  improved  by  Mr. 
Boyle,  to  whom  we  are  indebted  tor  our  greatefl: 
part  of  the  knowledge  of  the  wonderfOl  proper- 
ties of  the  air,  demonftrated  in  the  above  expe- 
riments. 

The  elaftic  air  which  is  contained  in  many 
bodies,  and  is  kept  in  them  by  the  weight  of  the 
atmofphere,  may  be  got  out  of  them  either  by 
boiling,  or  by  the  air-pump,  as  (hewn  in  the 
.  25th  experiment :  but  the  fixed  air,  which  is 
by  much  the  greater  quantity,  cannot  be  got 
out  but  by  diftillation,  fermentation,  or  putre- 
faftion. 

If  fixed  air  did  not  come  out  of  bodies  with 
difficulty,  and  fpend  fome  time  in  extricating 
itfelf  from  them,  it  would  tear  them  to  pieces. 
Trees  would  be  rent  by  the  change  of  air  from 
a  fixt,  to  an  elaftic  ftate,  and  animals  would  be 
,  burft  in  pieces  by  the  explofion  of  air  in  their 
food. 

Dr.  Hales  found  by  experiment,  that  the  air 

in  apples  is  fo  much  condenfed,  that  if  it  were 

let  out  into  the  common  air,  it  would  fill  a  fpace 

O3  48 
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48  times  as  great  as  the  bulk  of  the  apples 
themfelves ;  fo  that  its  prefTure  was  equal 
to  117761b.  and  in  a  cubic  inch  of  oak,  to 
198601b.  againft  their  fides.  So  that  if  the  air 
was  let  lootb  at  once  in  thefe  fubftances,  they 
would  tear  every  thing  to  pieces  about  them  with 
a  force  fuperior  to  that  of  gunpowder.  Hence, 
in  eating  apples,  it  is  well  that  they  part  with  the 
air  by  degrees,  as  they  are  chewed,  and  ferment 
in  the  ftomach,  otherwife  an  apple  would  be  im- 
mediate death  to  him  who  eats  it. 

The  mixing  of  fome  fubftances  with  others 
will  releafe  the  air  from  them,  all  of  a  fudden, 
which  may  be  attended  with  very  great  danger. 
Of  this  we  have  a  remarkable  inftance  in  an  ex- 
periment made  by  Dr.  Slare-y  v/ho  having  put 
half  a  dram  of  oil  of  carraway-feed  into  one 
glafs,  and  a  dram  of  compound  fpiric  of  nitre  in 
another,  covered  them  both  on  the  air-pump  with 
a  receiver  fix  inches  wide,  and  eight  inches  deep, 
and  then  exhaiifted  the  air,  and  continued  pump- 
ing until  all  that  could  poflibly  be  got  both  out 
of  the  receiver,  and  out  of  the  two  fluids,  was 
extricated:  then,  by  a  particular  contiivancc 
from  the  top  of  the  receiver,  he  mixed  the  ftuids 
together  j  upon  which  they  produced  fuch  a  pro- 
digious quantity  of  air,  as  inftantly  blew  up  the 
receiver,  although  it  was  prefl^.d  down  l>y  the 
atmo(i)herc  with  upward  of  400  ^jourids  weight. 

N,  B.  In  the  28rh  experiment,  i!ic  cork  muft 
be  covered  eli  over  with  a  piece  of  thin  wet 
bladder  glued  to  it,   and  not  ufed  until  it  be 

thorouglJy  ciiy. 
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LIGHT  confifts  of  an  inconceivably  great 
number  of  particles  flowing  from  a  lumi- 
nous body  in  all  manner  of  direftions ;  and  thefe 
particles  are  fo  fmall,  as  to  furpafs  all  human 
comprehenfion.  * 

.  That  the  number  of  particles  of  light  is  in- 
conceivably great,  appears  from  the  light  of  a 
candle;  which,  if  there  be  no  obftacle  in  the 
way  to  obftruft  the  paflTage  of  its  rays,  will  fill 
all  the  (pace  within  two  miles  of  the  candle,  every 
way,  with  luminous  particles,  before  it  has  loft 
the  Icajft  fenfible  part  of  its  fubftance. 

A  ray  of  light  is  a  continued  ftream  of  thefe 
particles,    flowing  from  any  vifible  body  in  a 
ftraight  line :  and  that  the  particles  thennfelves 
arc  incomprehenfibly  fmall,  is  manifeft  from  the 
following  experiment.     Make  a  fmall  pin-hole 
in  a  piece  of  black  paper,  and  hold  the  paper 
upright  on  a  table  facing  a  row  of  candles  (land- 
ing by  one  another;  then  place  a  flieet  of  pafte- 
board  at  a  little  diftance  behind  the  paper,  and 
fome  of  the  rays  which  flow  from  all  the  candles 
through  the  hole  in  the  paper,  will  form  as  many 
fpecks  of  light  on  the  pafteboard,  as  there  are 
candles  on  the  table  before  the  plate:  each  fpeck  Theama. 
being  as  diftinft  and  clear,  as  if  there  was  only  zing 
one  fpeck  from  one  fingle  candle :  which  Ihews,  ^"jj^^]"^^* 
that  rfic  particles  of  light  are  exceedingly  fmall,  °^|j^^^3 
otherwife  they  could  not  pafs  through   the  hole  of  liglu. 
from  fo  many  different  candles  without  confu- 
tio^.'^liiv.' Niewentyt  has  computed,  that  there 
flows  more  than  6,oco,ooo,ooo,ooo  times   as 
O  4  many 
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many  particles  of  light  from  a  candle  in  one 
fecond  of  time,  as  there  are  grains  of  fand  in  the 
whole  earth,  fuppofing  each  cubic  inch  of  it  to 
contain  1,000,000. 

Thefc  particles,  by  falling  dircftly  upon  our 

eyes,  excite  in   our  minds  the  idea  or   ligltt. 

And  when  they  fall  upon  bodies,  and  are  thereby 

refledted  to  our  eyes,  they  excite  in  us  the  ideas 

of  thefe  bodies.     And  as  every  point  of  a  vifible 

body  reflefts  the  rays  of  light  iii  all.  manner  of 

direftions,  every  point  will  be  vifible  in  every 

part  to  which  the  light   is    reflcfbed  from  it. 

PItteXV.  Thus  the  obieft  ACB  is  vifible  to  an  eye  in  any 

''8*  '•     part,  where  the  rays  A  ay  Ab^  Acy  Ady  Acy  Ba, 

Bby  Bcy  Bdy  Biy  attd  Ccy  Cby  Ccy  Cdy  Ce^ 

come.     Her?  we  have  ftiewn  the  rays  as  if  they 

were  only  reflefled  from  the  ends  A  and  By  and 

from  the  middle  point  C  of  the  objed ;  every 

other  point  being  fuppofed  to  refleft  rays  in  the 

Rcfle£tcd  fame  m:<nner.     So  that  wherever  a  fpedlator  is 

lijht.       placed  with  regard  to  the  body,  every  point  of 

that  part  of  the  furface  which  is  toward  him  will 

be  vifible,  when  no  intervening  objeft  flops  the 

paflTage  of  the  light. 

As  no  objeft  can  be  feen  through  the  bore 
of  a  bended  pipe,  it  is  evident  that  the  rays  of 
light  move  in  ftraight  lines,  while  there  is  no- 
thing  to  refradt  or  turn  them  out  of  dieir  refti- 
lineal  courfe. 

While  the  rays  of  light  continue  in  any  *  me- 
dium of  an  uniform  denfity,  they  are  ftraight  5 
but  when  they  pafs  obliquely  out  of  one  medium 
into  another,  which  is  either  more  denfe  or  more 

♦  Any  thing  through  which  the  rays  of  light  can  pafs, 
is  called  a  medium ;  as  air,  waceg  glafs,  diamond ,  or 
even  a  vacuum* 

rare. 
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rare,  they  ore  r^frafted  toward  the  denfer  me- 
dium ;  ^nd  this  refra£bion  is  more  or  lefs^  as  the 
ray5  fall  mere  or  lefs  obliquely  on  the  refrafting 
funacc  which  divides  the  mediums. 

To  prove  this  by  experiment,  f^t  the  empty  Fig.  %. 
veflcl  A  BCD  into  any  place  where  the  fun  Ihines 
obliquely,    and   obferve    the    part   where    the 
ihadow  of  the  edge  B  C  falls  on  the  bottom  of 
Ac  veffel  at  Ei  then  fill  the  veflel  with  water, 
and  the  fhadow  will  reach  no  farther  than  e  j 
which  (hews,  that  the  ray  a  B  Ey  which  came 
ftraight  in  the  open  air,  juft  over  the  edge  of  the 
veffel  at  B  to  its  bottom  at  £,  is  refrafted  by 
falling  obliquely  on  the  furface  of  the  water  at  Refraawl 
Bi  and  inftfad  of  going  on  in  the  reftilineal  di-^^£^^  v 
reftion  aB  Ey  it  is  bent  downward  in  the  water 
from  B  to  e-y  the  whole  bend  being  at  the  fur- 
face  of  the  water :  and  fo  of  all  the  other  rays 
ab  c. 

If  a  ftick  be  laid  over  the  veflel,  and  the  fun's 
rays  be  reflefted  from  a  glafs  perpendicularly  into 
the  veffel,  the  fhadow  ot  the  ftick  will  fell  upon 
the  fame  part  xof  the  bottom,  whether  the  veffel 
be  empty  or  full,  which  (hews,  that  the  rays  of 
light  arc  not  refrafted  when  they  fall  perpendi- 
cularly on  the  furface  of  any  medium. 

The  rays  of  light  are  as  much  refrafted  by 
paffin^  out  of  water  into  air,  as  by  pafling  out 
of  air  into  water.  Thus,  if  a  ray  of  light  flows 
from  the  point  r,  under  water,  in  the  direftion 
/  B ;  when  it  comes  to  the  furface  of  the  water 
It  By  it  will  not  go  on  thence  in  the  reftilineal 
courfe  Bdy  but  will  be  refradked  into  the  line  B  a. 
Therefore, 

To  an  eye  at  e  looking  through  a  plane  glafs 
in  the  bottom  of  the  empty  veflfel,  the  point  a 
tannot  be  feen,  becaufe  the  fide  i?  ^  of  the  veffel 

inter- 
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intcrpofes ;  and  the  point  d  will  jufl:  be  feen  over 
the  edge  of  the  veffel  at  B.     But  if  the  veffel  be 
filled  with  water,  the  point  a  will  beften  from  ei 
and  will  appear  as  at  d,  elevated  in  the  diredtioii 
of  the  ray  ^  5  *. 
The  days      1  he  time  of  fun-rifing  or  letting,  fuppofing 
are  made  its  rays  fuffercd  no  rcfradtion,  is  cafily  found  by 
longer  by  calculation.      But  obfervation  proves  that  the 
fraaion    ^"^  ^^^^^  fooner,  and  fcts  later  every  day  than  the 
of  the      calculated  time ;    the  reafon  of  which  is  plain, 
fun's        from  what  was  faid  immediately  above.     For, 
'*y**        though  the  fun's  rays  do  not  come  part  of  the 
way  to  us  through  water,  yet  they  do  through  the 
air  or  atmofpherc,  which  being  a  grofler  medium 
than  the  free  fpace  between  the  fun  and  the  top 
of  the   atmofpherc,    the  rays,    by  entering  ob- 
liquely into  the  atmofpherc,  are  there  refraded, 
arid  thence  bent  down  to  the  earth.     And  al- 
though there  are  many  places  of  the  earth  to 
which  the  fun  is  vertical  at  noon,  and  confe- 
quently  his  rays  cart  fufter  no  refraftion  at  that 
time,  becaufe  they  come  perpendicularly  through 
the  atmofpherc :  yet  there  is  no  place  to  which 
the  fun's  rays  do  not  fall  obliquely  on  the  top  of 
the  atmofpherc,  at  his  rifing  and  fetting;  and 
confcquently,  no  clear  day  in  which  the  fun  will 
not  be  vifible  before  he  rifes  in  the  horizon,  and 
after  he  fets  in  it :  and  the  longer  or  fhorter,  as 
the  atmofpherc  is  more  or  lefs  replete  with  va- 
Flg.  3.     po^irs.     For,  X^iABC  be  part  of  the  earth's 
furface,    D  E  F  the  atmofpherc  that  covers  it, 

•  Hence  a  piece  of  money  lying  at  e,  in  the  bottom  of 
an  empty  vclTcK  cannot  be  feen  by  an  eye  at  a,  becaufe  the 
edge  of  the  veffel  intervene:*;  but  let  the  veifel  be  filled 
wich  water,  and  the  ray  ea  being  then  refraded  at  B,  will 
ftrike  the  eye  at  /i,  and  fo  render  the  money  vifiblc,  which 
will  appear  as  if  it  were  raifcd  up  to/ in  the  line  a  Bf. 

I  and 
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and  JE  J8  G  iff  the  fenfible  horizon  of  an  obferver 
at  B.  As  every  point  of  the  fun's  furface  fends 
out  rays  of  light  in  all  manner  of  diredions^  fome 
of  his  rays  m^  conflantly  fall  upon,  and  enlighten, 
fome  half  of  the  atmofphere ;  and  therefore,  wheh 
the  fun  is  at  /,  below  the  horizon  Hy  thofe  rays 
which  go  on  in  the  free  fpace  Ik  K  prefcrve  a 
reftilineal  courfe  until  they  fall  upon  the  top  of 
the  atmolbhere,  and  thofe  which  fall  fo  about 
Ky  are  refrafted  at  their  entrance  into  the  at- 
mofphere, and  bent  down  in  the  line  Km  By  to 
the  obferver's  place  at  5 ;  and  therefore,  to  him, 
the  fun  will  appear  at  L,  in  the  direction  of  the 
ray  BmKy  above  the  horizon  BGH,  when  he 
is  really  below  it  at  7. 

The  angle  contained  between  a  ray  of  light, 
and  a  perpendicular  to  the  refrafting  furface,  is 
called  ibe  augle  of  incidence ;  and  the  angle  con-  ^"gl^  tf 
tained  between  the  fame  perpendicular,  and  the  f*'^^^*^^- 
fame  ray  after  rcfraftion,  is  called  the  angle  of 
refraSfion.     Thus,  let  LB  M  be  the  refrafting  Ja^le  e/ 
furface  of  a  medium  (fuppofe  water)  and  ^5C^(/>"«^'«« 
a  perpendicular  to  that  furface:    let  Dj5  be  a    ^S*^* 
ray  of  light,  going  out  of  air  into  water  at  5, 
and  therein  refrafted  in  the  line  B  H;  the  angle 
ABBy  is  the  angle  of  incidence,  of  which  DP 
is  the  fine s  and  the  angle  KB H  is  the  angle  of 
refraftion,  whofe  fine  is  K  I. 

When  the  refrafting  medium  is  water,  the 
fine  of  the  angle  of  incidence  is  to  the  fine  of 
the  angle  of  refraftion,  as  4  to  3 ;  which  is  con- 
firmed by  the  following  experiment,  taken  from 
Doftor  Smith's  Optics. 

Defcribe  the  circle  DAEConz  plane  fquare 
board,  and  crofs  it  at  right  angles  with  the 
ftraight  lines  ABCy  and  LBM;  then,  from 
the  interfedlion  A,  with  any  opening  of  the  com- 

pafles. 
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paflesy  let  off  die  equal  arcs  >f  D^and  AE^  and 
draw  the  right  Ibe  *DFE:  then,  taking  Fa^ 
whieh  is  three  quarters  of  the  length  FE^  fiom 
die  point  a^  draw ^  /  parallel  to  AB  K^  and 
join  K  /parallel  to  B  M:  io  KT  will  be  equal 
to  three  quarters  of  F  jB  or  of  D  F.  This  done, 
fix  the  board  upright  upon  the  leaden  pedeftal 
O,  and  ftick  three  pins  perpendicularly  into  the 
board,  at  the  points  A  B^  and  /;  then  fet  the 
board  upright  into  the  velTel  ^C/T'/and  fill  up 
the  veffcl  with  water  to  the  line  LBM.  When 
die  water  has  fettled,  look  ak>ng  the  line  D  B, 
fo  as  you. may  fee  the  head  of  the  pin  B  over  the 
head  of  the  pin  D;  and  the  pin  /will  appear  in 
the  fame  right  line  produced  to  G,  for  its  head 
will  be  feen  juft  over  the  head^  of  the  pin  at  B : 
which  fhews  that  the  ray  /  Bj  coming  from  the 
pin  at  /,  is  lb  rcfrafted  at  B,  as  to  proceed  from 
.  thence  in  the  line  B  D  to  the  eye  of  the  obferver  j 
the  fame  as  it  would  do  from  any  point  G  in  the 
right  line  DBG,  if  there  were  no  water  in  the 
veflTel :  a»nd  dfo  fhews  that  K  /,  the  fine  of  re- 
fraftion  in  water,  is  to  DF,  the  fine  of  inci- 
dence in  air,  as  3  to  4  *. 

Hence,  i(  D  B  H  were  a  crooked  fKck  put 
obliquely  into  the  water,  it  would  appear  a 
flrai^t  one,  zs  D  BG.  Therefore,  as  the  line 
B  H  appears  at  B  G,  fo  the  line  B  G  will  appear 
at  j8|f ;  artd  confequently,  a  fb^ight  flick  DBG 
put  obliquely  into  water,  will  feem  bent  at  the 
lurface  of  the  water  in  £,  and  crooked,  as 
DBg. 

When  a  ray  of  light  pafles  out  of  air  into 
glafs,  the  fine  of  incidence  is  to  the  fme  of  re- 

*  This  is  (lri£lly  troe  of  the  red  rays  only,  for  the  other 
coloured  rays  are  differently  refraded ;  bat  the  diflForAice 
is  fo  fmail,  that  it  aecd  npt  be  confidered  in  this  place. 

fradtion. 
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fiiaAion^  as  3  to  2 ;  and  when  out  of  air  into  a 
.  diamond,  as  5  to  2. 

Glafs  may   be  ground  into  eight  different  Fig.  5; 
ihapes  at  leall,  for  optical  purpofes,  viz. 

I.  h.  plane  glafs  y  ^\i\c\i  is  Baton  both  fides^ 
and  of  equal  thicknefs  in  ^  its  parts,  as  ^. 

a.  A  plano-convex,  which  is  flat  on  one  fide,  Lenreti; 
and  convex  on  the  other,  as  B. 

3.  A  doulfle  convex^  which  is  convex  on  both 
fides,  as  C. 

4.  A  plano-concave,  which  is  flat  on  one  fide> 
and  concave  on  the  other,  as  D. 

5.  A  doutle  concave,  which  is  concave  on  both 
fides,  as  E. 

6.  A  mentfcus,  which  is  concave  on  one  fide, 
and  convex  on  the  other,  as  F.  ' 

7.  A  flat  plano-convex,  whofe  convex  fide  is 
ground  into  feveral  little  flat  furfaces,  as  G. 

8.  A  prifm,  which  has  three  flat  fides,  and 
when  viewed  endwife,  appears  like  an  equilateral 
triangle,  as  R 

Glafies  ground  into  any  of  the  (hapes  B,  QD, 
E,  F,  are  generally  called  l^es. 

A  right  line  L  I K,  going  perpendicularly 
thtough  the  middle  of  a  lens,  is  called  the  axis 
cf  the  lens. 

.  A  ray  of  light  G  b,  falling  perpendicularly  on 
a  plane  glafs  E  F,  will  pafs  through  the  glafs  in  Fig.  6. 
the  fame  dire£tion  b  i,  and  go  out  of  it  into  the 
air  in  the  fame  right  courfe  i  H. 

A  ray  of  light  A  B,  falling  obliquely  on  a 
plane  glafs,  will  go  out  of  .the  glafs  in  the  fame 
direftion,  but  not  in  the  faRie  right  line ;  for.  in 
touching  the  glafs,  it  will  be  refrafted  in  the 
line  B  C,  and  in  leaving  the  glafs,  it  will  be  re- 
frafted  in  the  line  CD. 

A  ray 
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Fig.  7.        A  ray  of  light  C  D,  falling  obliquely  on  the 
middle  of  a  convex  glafs,  will  go  forward  in  the 
lame  direftion  D  £,  as  if  it  had  fallen  with  the 
fame  degree  of  obliquity  on  a  plane  glafs  j  and 
will  go  out  of  the  glafs  in  the  fame  direftion 
with  which  it  entered :  for  it  will  be  equally  re- 
frafted  at  the  points  D  and  £,  as  if  it  had  pafled 
through  a  plane  furface.     But  the  rays  CG  and 
CI  will  be  fo  refrafted,  as  to  meet  again  at  the 
point  F.     Therefore,   all   the  rays  which  flow 
from  the  point  C,  fo  as  to  go  through  the  glafs, 
will  meet  again  at  F:  and  if  they  go  farther 
onward,  as  to  X.,  they  crofs  at  is  and  go  for- 
ward on  the  oppofite  fides  of  the  middle  ray 
CD  EF,  to  what  they  were  in  approaching  it  in 
the  diredlions  HF  and  KF. 
Fig.  8.         When  parallel  rays,    as  ABCy    fall  direftly 
The  pro- ypon  a  plano-convex  glafs  D  £,  and  pafs  through 
Sifferent  ^^'  ^^^y  ^^^^  ^^  ^^  refrafted,  as  to  unite  in  a 
Icnfcs.      point  /  behind  it :  and  this  point  is  called  the 
principal  focus :  the  diftance  of  which,  from  the 
middle  of  the  glafs,  is  called  the  focal  dijlance  ; 
which  is  equal  to  twice  the  radius  of  the  fphere 
of  the  glafs's  convexity.     And, 
Fig.  9.         When  parallel  rays,   as  A  B  Cy  fall  direftly 
upon  a  glafs  D  jE,  which  is  equally  convex    on 
both  fides,  and  pafs  through  it ,  they  will  be  fo 
refradted,  as  to  meet  in  a  point  or  principal  focus 
/,  whofe  diftance  is  equal  to  the  radius  or  femi- 
diameter  of  the  fphere  of  the  glafs's  convexity. 
But  if  a  glafs  be  more  convex  on  one  fide  than 
on   the   other,    the    rule   for    finding  the    focal 
diftance  is  thisi  as  the  fum  of  the  femidiamecers 
of  both  convexities  is  to    the  femidiameter  of 
either,    fo  is    double   the   femidiameter  of  the 
other  to  the  diliance  of  the  focus.     Or,  divide 
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the  double  produft  of  the  radii  by  their  fum, 
and  the  quotient  will  be  the  diftance  fought. 

Since  all  thofe  rays  of  the  fun  which  pafs 
through  a  convex  glafs  are  coUefted  together 
in  its  focus,  the  force  of  all  their  heat  is  col- 
le^ed  into  chat  part ;  and  is  in  proportion  to  the 
common  heat  of  the  fun,  as  the  area  of  the  glafs 
is  to  the  area  of  the  focus.  Hence  we  fee  the 
reafon  why  a  convex  glals  caufes  the  fun's  rayg 
to  burn  after  pafling  tlirough  it. 

All  thefe  rays  crofs  the  middle  ray  in  the  fo- 
cus/i  and  then  diverge  from  it,  to  the  contrary 
fides,  in  the  fame  manner  F  f  G,  as  they  con* 
verged  in  the  fpace  JD/E  in  coming  to  it. 

If  another  glafs  F  G,  of  the  fame  convexity 
as  D  £,  be  placed  in  the  rays.iat  the  fame  dif- 
tance from  the  focus,  it  will  refraft  them  fo,  as 
that  after  going  out  of  ir,  tljiey  will  be  all  paral- 
lel, 2&  ah c\  and  go  on  in  the  fame  manner  as 
they  came  to  the  firft  glafs  D£,  through  the 
fpace -^JSC;  but  on  the  contrary  fides  of  the 
middle  ray  B  fb :  for  the  ray  ADf  will  go  on 
from /in  the  direftion/G  /?,  and  the  ray  C  Ef 
in  the  du-eftion  fFcy  and  fo  of  the  reft. 

The  rays  diverge  from  any  radiant  point,  as 
from  a  principal  focus:  therefore,  if  a  candle 
be  placed  at  /,  in  the  focus  of  the  convex  glafs 
F  G,  the  diverging  rays  in  the  fpace  FfG  will 
be  fo  refrafted  by  the  glaf8,^as,  that  after  going 
out  of  it,  they  will  become  parallel,  as  ftiewn  in 
the  fpace  cba. 

If  the  candle  be  placed  nearer  the  glafs  than 
its  focal  diftance,  the  rays  will  diverge  after  paffing 
through  the  glafs,  more  or  lefs,  as  the  candle  is 
more  or  lefs  diftant  from  the  focus. 

If  the  candle  be  placed  farther  from  the  glafs 
than  its  focal  diftance,  the  rays  will  converge 

after 
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after  pafling  through  the  gkfi,  and  meet, in  % 
point  which  will  be  more  or  lefi  diftant  fixmi  die 
^als,  as  the  candle  is  nearer  to^  or  fiuther  firom 
Its  focus;  and  where,  the  fays  meet,  they  wUl 
form  an  inverted  image  of  the  flame  of  the  <:an- 
die ;  which  may  be  feen  on  a  paper  placed  in  tte 
meeting  of  the  rays. 
W*te  Hence,  if  anv  objeft  ABCht  placed  beyond 

pji '^^  die  focus  F  ot  the  convex  g^  ief^  fome  rf 
*  the  rays  which  flow  from  every  point  of  the 
otgeft,  on  the  fide  next  die  glafs,  will  fall  upon 
it,  and  after  pafling  dirou^  it,  they  will  be 
converged  into  as  many  points  on  die  oppofite 
fide  erf*  the  glafe,  where  the  image  of  every  point 
will  be  formed:  and  confcquendy,  the  image 
of  the  whole  dfajeft,  which  will  be  inverted* 
Thus,  the  rays  Ad^  Ae^  Af^  flowing  from  the 
point  Ay  will  converge  in  the  fpace  daf^  and  by 
meeting  at  a^  will  there  form  the  image  of  the 
point  A.  The  rays  B  dy  Bey  Bfy  flowing  from 
the  point  B^  will  be  united  at  b  by  the  refrac- 
tion of  the  glafs,  and  will  there  form  the  image 
of  the  point  B.  And  the  rays  Cdy  Ce,  Cf, 
flowing  froai  the  point  C,  will  be  united  at  f, 
where  they  will  form  die  image  of  the  point  C 
And  fo  of  all  the  other  intermediate  points  be- 
tween A  and  C.  The  rays  which  flow  from 
every  particular  point  of  the  objeft,  and  are 
united  again  by  the  glafs,  are  called  pencils  of 
rays. 

If  the  objeft  -^  J9  C.  be  brought  nearer  to  the 
glafs,  the  pifture  abc  will  be  removed  to  a 
greater  diftance.  For  then,  more  rays  flowing 
froni  every  fingle  point,  wiU  fall  more  diverging 
upon  the  glafs ;  and  therefore  cannot  be  fb  loon 
.coUefted  into  the  corrcfponding  points  behind 
it.    Confcquendy,  if  the  diftance  of  the  obieft 

ABC 


Of  optics.  an 

AB  C  be  equal  to  the  diftance  e  B  o{  the  focus  Fig.  2. 
of  the  glafs,  the  rays  of  each  pencil  will  be  fo 
refrafted  by  pafling  through  the  glafs,  that  they 
will  go  out ^ of  it  parallel  to  each  other;  as  d I^ 
e  H,  fhy  from  the  point  C\  d  Gy  eKy  fDy 
from  the  point  5;  and  dK^  e  Ey  f  Ly  from  the 
point  A:  and  therefore,  there  will  be  no  pifturc 
formed  behind  the  glafs. 

If  the  focal  diftance  of  the  glafs,  and  the  dif- 
tance of  the  objeft  from  the  glafs,  be  known,  the 
diftance  of  the  pidhire  from  the  glafs  may  be 
folind  by  this  rule,  viz.  multiply  the  diftance  of 
the  focus  by  the  diftance  of  the  obje<5b,  and  divide 
the  produfl:  by  their  difference  s  the  quotient  will 
be  the  diftance  of  the  pidlure. 

The  pifture  will  be  as  much  bigger  or  left  Fig.  i; 
than  the  objeft,  as  its  diftance  from  the  glafs  is 
greater  or  lefs  than  the  diftance  of  the  objeft. 
For,  as  £  ^  is  to  e  by  io\%  A  C  10  c  a.  So  that 
if  AB  C be  the  objeflr,  cba  will  be  the  pifture ; 
or,  i£  cia  be  the  obje£t,  ABC  will  be  the 
pifture. 

Having  defcribed  how  the  rays  of  light,  flow-  The  man- 
ing  from  oSje6ts,  and  pafling  through  convex  "55  °^ 
glaflfes,  are  coUefted  into  points,  and  form  the 
images  of  the  objefts ;  it  will  be  eafy  to  under- 
itand  how  the  rays  areafFcfted  by  paflTing  through 
the  humours  of  the  eye,  and  are  thereby  coUefted 
into  innumerable  points  on  the  bottom  of  the 
eye,  and  thereon  form  the  images  of  the  objefts 
which  they  flow  from.  For,  the  difierent  hu- 
mours of  the  eye,  and  particularly  the  chryftalUne 
humour,  are  to  be  confidered  as  a  convex  glafs ; 
and  the  ray3  in  pafling  through  them  to  be  af- 
fe£ted  in  the  faflie  manner  as  in  paflTing  through 
a  convex  glafs. 

P  the 
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Theejre  The  eye  is  nearly  globular*  It  confifts  of 
Aefcribcd^  three  coats  and  three  humours.  The  part 
'^*«-*-  BHHG  of  the  outer  coat,  is  called  thtjde^ 
rotica,  the  reft  JD£FG  the  esmea.  Next  within 
this  coat  is  that  called  the  cbdrmdes^  which  ferves 
as  ic  were  for  a  lining  to  the  other,  and  joins 
l^ith  the  iris  m  n^  mn.  The  iris  is  com  poled 
of  two  fets  of  mufcular  fibres ;  the  one  of  a  cir- 
cular form,  which  con  tracts  the  hole  in  the  mid- 
dle called  the  fupilj  when  the  light  would  other- 
wife  be  too  ftrong  for  the  cyej  and  the  other 
of  radical  fibres,  tending  every  where  from  the 
circumference  of  the  iris  toward  the  middle  of 
the  pupil  J  which  fibres,  by  their  contra^ftioHj 
dilate  and  enlarge  the  pupil  when  the  light  is 
•weak,  in  order  to  let  in  the  more  of  its  rays. 
The  third  coat  is  only  a  fine  expanfion  of  the 
optic  nerve  L,  which  fpreads  like  net-work  all 
over  the  infide  of  the  choroides,  and  is  therefore 
called  the  retina  \  upon  which  are  painted  (as  it 
were)  the  images  of  all  vifible  objefts,  by  the 
rays  of  light  which  either  flow  or  arc  refleded 
from  them. 

Under  the  cornea  is  a  fine  tranfparent  fluid, 
like  water,  which  is  therefore  called  the  aqueous 
humour.  It  gives  a  protuberant  figure  ta  the 
cornea,  fills  the  two  cavities  a  «  and  n  if,  which 
communicate  by  the  pupily,  and  has  the  fame 
limpidity,  fpecific  .gravity,  4nd  refi'adive  power 
as  water.  At  the  back  of  this  lies  the  chryftalline 
humour  1 7,  which  is  ftiaped  like  a  double  con- 
vex glafsj  and  is  a  little  more  convex  on  the 
back  than  the  fore-part.  It  converges  the  rays, 
which  pafs  through  it  from  every  vifible  objed 
to  its  focus  at  the  bottom  ofSfche  eye.  This 
humour  is  tranfparent  like  chryftal,  is  much  of 
the  confidence  of  hard  jelly,  and  exceeds  the 
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Ipecific  gravity  of  water  in  ihc  proportion  of 
Ti  to  lo.  It  is  inclofed  in  a  fine  tranfparenc 
membrane,  from  which  proceed  radial  fibres 
0  Oj  called  the  ligamentum  ciliarey  all  around  its 
edge ;  and  join  to  the  circumference  of  the  iris. 
Thefe  fibres  have  a  power  of  contrafting  and 
dilating  occafionally,  by  which  means  they  alter 
the  fhape  or  convexity  of  the  chryftalline  hu- 
mour, and  alfo  fhift  it  a  little  backward  or  for- 
ward in  the  eye,  fo  as  to  adapt  its  focal  diftance 
at  the  bottom  of  the  eye  to  the  different  diflances 
of  objedb ;  without  which  provifion,  we  could 
only  fee  thofe  objefts  diftinftly,  that  were  all  at 
one  diftance  from  the  eye. 

At  the  back  of  the  chryftalline,  lies  the  vitre^ 
ous  humour  K  jRT,  which  is  tranfparent  like  glafs, 
and  is  largeft  of  all  in  quantity,  filling  the  whole 
orb  of  the  eye,  and  giving  it  a  globular  fhape. 
It  b  much  of  a  confiftence  with  the  white  of  an 
^gg>  3nd  very  little  exceeds  the  fpecific  gravity 
and  refraftive  power  of  water. 

As  every  point  of  an  objeft  ABC  fends  out 
rays  in  all  direftions,  fome  rays,  from  every 
point  on  the  fide  next  the  eye,  will  fall  upon'- 
the  cornea  between  E  and  F\  and  by  pafiing  on 
through  the  humours  and  pupil  of^  the  eye, 
they  will  be  converged  to  Is  many  points  on 
the  retina  or  bottom  of  the  eye,  and  will,  thereon 
form  a  diftinft  inverted  pifture  cb a  of  the  ob- 
jeflr.  Thus,  the  pencil  of  rays  qr  s^  that  flows 
from  the  point  A  of  the  objeft,  will  be  con- 
verged to  the  point  a  on  the  retina ;  thofe  from 
<he  point  B  will  be  converged  to  the  point  h\ 
thofe  from  the  point  C  will  be  converged  to  the 
point  c  \  and  fo  of  all  the  intermediate  points : 
by  which  means  the  whole  image  ab  c\%  formed, 
and  the  objeft  made  vifible  \  although  it  muft 
.P  2  b« 


214  0/  Opfks. 


be  owned,  that  the  method  bj^  wliicli  this  icnfa- 
tion  is  carried  from  the  eye  by  the  opric  nerve 
to  the  common  fenlary  in  the  brain^  and  there 
dilcerned,  is  above  the  reach  of  our  compre- 
henfion. 

But  that  vifion  is  etFefted  in  this  manner,  may 
be  demonftrated  experimentally.  Take  a  bul- 
lock's eye  while  it  is  frefh,  and  having  cut  off 
the  three  coats  from  the  back  part,  quite  to  the 
virreous  humour,  put  a  piece  of  white  paper 
over  that  part,  and  hold  the  eye  toward  any 
bright  objed,  and  you  will  fee  an  inverted  pic- 
ture of  the  objcd  upon  the  paper. 

Seeing  the  image  is  inverted,  many  have 
wondered  why  the  objeft  appears  upright.  But 
we  are  to  confider,  i.  That  tTtverted  is  only  a 
relative  term :  and  2.  That  there  is  a  very  great 
difference  between  the  real  objeft  and  the  means 
or  image  by  which  we  perceive  it.  When  all 
the  parts  of  a  diftant  profpeft  are  painted  upon 
the  retina,  they  are  all  right  with  refpeft  to  one 
another,  as  well  as  the  parts  of  the  profpedl 
^itfelf ;  and  we  can  only  judge  of  an  objefl's 
^  being  inverted,  when  it  is  turned  reverfe  to  its 
natural  pofition,  with  refpeft  to  other  objedts 
which  we  fee  and  compare  it  with. — If  we  lay 
hold  of  an  upright  ftick  in  the  dark,  we  can  tell 
which  is  the  upper  or  lower  part  of  it,  by  mov- 
ing our  hand  upward  or  downward  j  and  know 
very  well  that  we  cannot  feel  the  upper  end  by 
moving  our  hand  downward.  Juft  fo  we  find 
by  experience,  that  upon  direfting  our  eyes 
toward  a  tall  objeft,  we  cannot  fee  its  top  by 
uirning  our  eyes  downward,  nor  its  foot  by 
turning  our  eyes  upward ;  but  muft  trace  the 
objeft  the  fame  way  by  the  eye  to  fee  it  fronl 
/       ^hcad  to  foot,  as  we  do  by  the  hand  to  feel  it; 
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and  as  the  judgment  is  informed  bjf  the  motion 
of  the  hand  in  one  cafe,  fo  it  is  al(b  by  the  mo- 
tion of  the  eye  in  the  other. 

In  Fig.  4.  is  exhibited  the  manner  of  feeing  Fig.  4. 
the  fame  objed  ABCy  by  both  the  eyes  D  and 
E  at  once. 

When  any  part  of  the  image  cb a  falls  upon 
the  optic  nei*ve  L,  the  correfponding  part  of  the 
objeft  becomes  invifible.  Qn  which  account 
nature  has  wifely  placed  the  optic  nerve  of  each 
eye,  not  in  the  middle  of  the  bottom  of  the  eye, 
but  toward  the  fide  next  the  nofe  ;  fo  that  what- 
ever part  of  the  image  falls  upon  the  optic  nerve 
of  one  eye,  may  not  fall  upon  the  optic  nerve 
of  the  other.  Thus  the  poiijt  a  of  the  image 
cba  falls  upon  the  optic  nerve  of  the  eye  D, 
but  not  of  the  eye  E ;  and  the  point  e  falls  upon 
the  optic  nerve  of  the  eye  £,  but  not  of  the  eye 
D :  and  therefore  to  both  eyes  taken  together, 
the  whole  objedt  ABC  \^  vifible. 

The  nearer  that  any  object  is  to  the  eye,  the  Plate 
larger  is  the  angle  under  which  it  is  feen,  and  x:vil. 
the  magnitude  under  which  it  appears.     Thus  ^*8*  ■• 
to  the  eye  jD,  the  objedt  ABCis  feen  under  the 
ai^le  AP  C;  and  its  image  cb  a  is  very  large 
upon  the  retina:  but  to  the  eye  £,  at  a  double 
diftance,  the  fame  ot^ft  is  feen  under  the  angle 
Ap  C,   which  is  equal  only  to  half  the  angle 
APQ  as  is  evident  by  the  figure.     The  image 
€  b  a  IS  likewife  twice  as  large  in  the  eye  D,  as 
the  other  image  cba  is  in  the  eye  E.     In  both 
thefe  reprefentations,  a  part  of  the  image  falls 
on  the  optic  nerve,  and  the  objedt  in  the  corre- 
fponding part  is  invifible. 

As  the  fenfe  of  feeing  is  allowed  to  be  occa- 
fioned  by  the  impulfe  of  th.e  rays  from  the  vifible 
objedt  upon  the  retina  of  the  eye,  and  forming  ^ 
P  3  the 
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the  image  of  the  objeft  thereon,  and  chat  the  re- 
tina is  only  the  eKpanfion  of  the  optic  nerve  all 
over  ihe  choroides ;  it  Hiould  fcem  furprifing  that 
the  part  of  the  image  which  falls  on  the  optic 
nerve  fliould  render  the  like  part  of  the  objeft  in- 
vifible ;  efpecially  as  that  nerve  is  allowed  to  be 
the  inftrument  by  which  the  impylfe  and  image 
are  conveyed  to  the  common  fenfory  in  the  brain. 
But  this  difficulty  vanifhes,  wht:n  wc  confider  that 
there  is  an  artery  wiihin  the  trunk  of  the  optic 
nerve,  which  entirely  obfcures  the  image  in  thac 
part  J  and  conveys  no  fcnfation  to  the  brain. 

That  the  part  of  the  image  which  falls  upon 
the  middle  of  the* optic  nerve  is  loft,  and  conie- 
qucntly  the  correfponding  part  of  the  objeft  is 
rendered  invifiblej  is  plain  by  experiment,  Forj  if 
pig.  2.  a  perfon  fixes  three  patches,  j4,  fl,  C,  horizontally, 
upon  a  white  wall,  at  the  height  of  the  eye,  and 
the  diftance  of  about  a  foot  from  each  other,  and 
places  himfelf  before  them,  Ihutting  the  right 
eye,  and  diredling  the  left  toward  the  patch  C, 
he  will  fee  the  patches  yi  and  C,  but  the  middle  . 
patch  B  will  difappear.  Or,  if  he  (huts  his  left 
<ye,  and  direfts  the  right  toward  ^4,  he  will  lee 
both  j4  and  C,  but  B  will  difappear ;  and  if  he 
dircfts  his  eye  toward  B,  ke  will  fee  both  B  and 
j4y  but  not  C.  For  whatever  patch  is  direftly 
Cppofite  to  the  optic  nerve  Ny  vanilhes.  Thk 
requires  a  little  praftice,  after  which  he  will  find 
it  ^afy  to  direft  his  eye,  fo  as  to  lofe  the  fight  of 
which  ever  patch  he  pleafes. 

We  are  not  commonly  fenfiblc  of  this  difap- 
pearance,  bccaufe  the  motions  of  the  eye  arc 
fo  quick  and  inftantaneous,  that  we  no  fooner 
lofc  the  fight  of  any  part  of  an  objeft,  than  wc 
recover  it  again ;  much  the  fame  as  in  the 
twinkling  of  our  eyes,  for  at  each  twinkling  wc 
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arc  blinded  j  but  it  is  fo  foon  over,  that  we  arc 
•  fcarce  ever  fenfible  of  it. 

Some  eyes  require  the  affiftance  of  convex  pig.  4. 
glafles  to  make  them  fee  objcds  diftindbly,  and  Why 
others  of  concave.     If  either  the  cornea  a  he  or  ^o^c  cyci 
chryftalline  humour  (^  or  both  of  them,  be  too  ff^*^ 
flat,  as  in  the  eye  A^  their  focus  will  not  be  on  cles. 
the  retina,  as  at  d^  where  it  ought  to  be,  in  or- 
der to  render  vifion  diftindl;    but  beyond  the 
eye,    as  at  /.     Confequently  thofe  rays  which 
flow  from  the  objedk  C,  and  pafs  through  the 
humours  of  the  eye,  are  not  converged  enough 
to  unite  at  di   and  therefore  the  obferver  caa  . 
have  but  a  very  indiftinft   view  of  the  objeft. 
This  is  remedicsd  by  placing  a  convex  glafs  g  b 
before  the  eye,  which  makes  the  rays  converge 
iboner^  and  imprints  the  image  duly  on  the  re- 
tina at  d. 

If  either  the  cornea,  or  chryftalline  humour, 
or  both  of  them,  be  too  convex,  as  in  the  eye 
fy  the  rays  that  enter  in  from  the  objeft  C,  will 
be  converged  to  a  focus  in  the  vitreous  humour, 
as  at/i  and  by  diverging  from  thence  to  the 
retina,  will  form  a.  very  confufed  image  thereon  : 
and  fo,  of  courfe,  the  obferver  will  have  as  con- 
fufed a  view  of  the  objeft,  as  if  his  eye  had  been 
too  flat.  This  inconvenience  is  remedied  by 
placing  a  concave  glafs  g  b  before  the  eye  i  which 
glafs,  by  cauling  the  rays  to  diverge  between  it 
and  the  eye,  lengthens  the  focal  diftance  fo,  that 
if  the  glafs  be  properly  chofen,  the  rays  will 
unite  at  the  retina,  and  form  a  diftindt  pidture 
of  the  objeft  upon  it. 

Such  eyes  as  have  their  humours  of  a  due 

convexity,  cannot  fee  any  objedt  diftinftly  at  a 

Jefs  diftance  than    fuc   inches  ^    and  there  are 

iiumberleis  objects  too  fmaU  to  be  feen  at  that 
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diftance,  becaiife  they  cannot  appear  under  any 
'fenfible  angle.  I'hc  method  of  viewing  fucli 
minute  objtd^s  is  by  a  mkrofcopi^  of  which  there 
arc  three  fom^  viz-  the  ftngk^  the  doubk^  and 
•the  folar, 
?M?'I*  /  Tht  Jin^k  micrc/cope^  is  only  a  fmall  convex 
micr^  S^^^^^  as  c  d^  having  the  objeft  a  i'  placed  in  its 
/cofe.  focus,  and  the  eye  at  the  lame  diftance  on  the 
other  fide  ;  lb  that  the  rays  of  each  pencil,  flow- 
ing from  every  point  of  the,  obj;:ii  on  the  fide 
next  the  glafs,  may  go  on  parallel  in  the  fpace 
between  the  eye  and  the  glafs ;  -  and  then,  by 
entering  the  eye  ac  C,  they  will  be  converged  to 
as  many  dilTcrcnt  points  on  the  retina,  and  form 
a  large  inverted  pifture  J  B  upon  it,  as  in  the 
figure. 

To  find  how  much  this  glafs  magnifies,  divide 
the  lead  diftance  (which  is  about  fix  inches)  at 
which  an  o6je6t  can  be  feen  diftindly  with  the 
bare  eye,  by  the  focal  difl:ance  of  the  glafs ;  and 
the  quotient  will  ftiew  how  much  the  glafs  mag* 
nifies  the  diameter  of  the  objeft. 
Fig.  6.  I'he  doMe  or  compound  microfcopej  confifts  of 
T**z/     •  an  obie6t-c:lafs  c  dy  and  an  eye-dafs  ef.     The 

double  mi'  g,       ii      i-    n.        7-1         j  r    i  a-/- 

cro/cope.  "^^"  objeft  ab  \%  placed  at  a  little  greater  dif- 
tance from  the  glafs  c  d  than  its  principal  focus, 
fo  that  the  pencils  of  rays  flowing  from  the  dif- 
ferent points  of  the  obje6t,  and  pafling  through 
the  glafs,  may  be  made  to  converge  and  unite 
in  as  many  points  between  g  and  ^,  where  the, 
image  of  the  objeft  will  be  formed:  which 
image  is  viewed  by  the  eye  through  the  cye- 
glafs  ef.  For  the  eye  glafs  being  fo  placed, 
that  the  image  g  h  may  be  in  its  focus,  and  the 
eye  much  about  the  fame  diftance  on  the  other 
fide,  the  rays  of  each  pencil  will  be  paraUel, 
after  going  out  of  the  eye-glafs,  as  at  e  and  f^ 
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till  they  come  to  the  eye  at  ky  where  they  will 
begin  to  converge  by  the  refraftive  power  of 
the  huinours;  and  after  having  croffed  each 
other  in  the  pupil,  and  paffed  through  the  chryf- 
talline  and  vitreous  hunnours,  they  will  be  col- 
leftcd  into  points  on  the  retina,  and  form  the 
large  inverted  image  AB  thereon. 

The  magnifying  power  of  this  microfcope  is 
as-  follows.  Suppofe  the  image  ^  it  to  be  fix 
times  the  diftance  of  the  objedk  a  b  from  the 
objeft-glafs  c  d\  then  will  the  image  be  fix  times 
the  length  of  the  objeft :  but  fince  the  image 
could  not  be  feen  diftinftly  by  the  bare  eye  at  a 
lefs  diftance  than  fix  inches,  if  it  be  viewed  by 
an  eye-glafs  efy  of  one  inch  focus,  it  will  "thereby 
be  brought  fix  times  nearer  the  eye ;  and  confe-* 
quently  viewed  under  an  angle  fix  times  as  large 
as  before ;  fo  that  it  will  be  again  magnified  fix 
times  i  that  is,  fix  times  by  the  objedl-glafs,  and 
fix  times  by  the  eye-glafs,  which  multiplied  info 
one  another,  makes  jjS  times  3  and  fb  much  is 
the  objeft  magnified  in  diameter  more  than  what 
it  appears  to  the  bare  eye;  and  confequently 
:^S  times  2f>y  or  1296  times  in  furface. 

But  becaufe  the  extent  or  field  of  view  is 
very  fmall  in  this  microfcope,  there  are  gene- 
rJdly  two  eye-glafles  placed  fometimes  clofe 
together,  and  fometimes  an  inch  afunder;  by 
which  means,  although  the  objeft  appears  lels 
magnified,  yet  the  vifible  area  is  much  enlarged 
by  the  interpofition  of  a  fecond  eye-glals ;  and 
confequently  a  much  pleafanter  view  is  ob- 
tained. 

The  Jolar  microfcope^   invented  by  Dr.  Lie-  FJg.  7. 
berkhuHy  'is  conftrufted  in  the  following  manner.  The/o/ar 
Having  procured  a  very  dark  room,  let  a  round  ^'^'■*'' 
hole  be  made  in  the  window-fliutter,  about  three '^^*'^^* 
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inches  dimictcr,  through  which  the  fun  may  cafl 
a  cylinder  of  rays  A  A  into  the  room*  In  this 
hole,  place  the  end  of  a  tube,  containing  two 
convex  gtaflcs  and  an  object,  viz.  i.  A  convex 
glafs  a  a^  of  about  two  inches  diameter,  and  three 
inches  focal  diflrancei  is  to  be  placed  in  that  end 
of  the  tube  which  is  put  into  the  hole.  2,  The 
objeft  bb^  being  put  between  two  glafles  (which 
iriuft  be  concave  to  hold  it  at  liberty)  is  placed 
about  two  inches  and  a  half  from  the  glafs  a  a^ 
3.  A  little  more  than  a  quarter  of  an  inch  from 
the  obje£t  is  placed  the  fmall  convex  glafi  c  c, 
whofe  focal  difhince  is  a  quarter  of  an  inch. 

The  tube  may  be  (b  placed^  when  the  fun  is 
low,  that  his  rays  A  A  may  enter  direftly  into 
it :  but  when  he  is  high,  his  rays  B  B  muft  be 
reflefted  into  the  tube  by  the  plane  mirror  or 
looking-glafs  CC. 

Things  being  thus  prepared,  the  rays  that  enter 
the  tube  will  be  conveyed  by  the  glafs  a  a  teward 
the  objeft  hi,  by  which  means  it  will  be  ftrongly 
illuminated ;  and  the  rays  d  which  flow  from  it, 
through  the  magnifying  glafs  cc,  will  make  a 
large  inverted  pifture  of  the  objeft  at  D  JD, 
which,  being  received  on  a  white  paper,  wiH  re- 
prefent  the  objeft  magnified  in  length,  in  pro- 
portion of  the  diftancc  of  the  pi6hire  from  the 
glafs  c  Cy  to  the  diftancc  of  the  ofcgefl:  from  the 
,  fame  glafs.  Thus,  ftippofcthe  diftancc  of  the  <A- 
icft  from  the  glafs  to  be  t?^  parts  of  an  inch,  and 
the  diftancc  of  the  diftinft  pi^burc  to  be  12  feet 
or  144.  inches,  in  whidi  there  arc  1440  tenths  of 
an  inch ;  and  this  number  divided  by  3  tenths, 
gives  480  J  which  is  the  minnber  ot  times  the 
pi6hire  is  longer  or  broader  than  the  objeft ;  and 
the  length  mukij^cd  by  the  breadth,  fliews  how 
much  die  whole  fvrfact  is  magnified. 

Before 
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Before  we  enter  upon  the  defcription  of  tele-  TeU/copn. 
fcopes,  it  will  be  proper  to  ihew  how  the  rays 
of  Ught  are  aflfedted  by  pafTing  through  concave 
glaffes,  and  alfo  by  falling  upon  concave  nriir- 
rors. 

When  parallel  rays,  as  abed  efg  by  pafs  Plate 
dirc6Uy  through  a  glafs  A  By  which  is  equally  XVnr. 
concave  on  both  fides,  they  will  diverge  after  ^*2-  *• 
palling  through  the  glafs,  as  if  they  had  come 
from  a  radiant  point  C,  in  the  center  of  the 
glafs's  concavity  j  which  point  is  called  the  ne- 
gative or  virtual  focus  of  the  glafs.  Thus  the 
ray  ay  after  paffing  through  the  glafs  A  By  will 
go  on  in  the  diredion  kly  as  if  it  had  proceeded 
n'om  the  point  C,  and  no  glafs  been  in  the  way. 
The  ray  b  will  go  on  in  the  direftion  m  n ;  the 
ray  c  in  the  direftion  o  py  &c.— The  ray  C,  that 
falls  direftly  upon  the  middle  of  the  glafs,  fuf- 
fers  no  refi-aftion  in  paffing  through  it ;  but  goes 
on  in  the  fame  re6tilineal  direftion,  as  if  no  glafs 
had  been  in  its  way. 

If  the  glafs  had  been  concave  only  on  one  fide, 
and  the  other  fide  quite  plane,  the  rays  would 
have  diverged,  after  pafllng  through  it,  as  if  they 
had  come  from  a  radiant  point  at  double  the  dif- 
tance  of  C  from  the  glafs ;  that  is,  as  if  the  ra- 
diant had  been  at  the  diftance  of  a  whole  dia- 
meter of  the  glafs's  concavity. 

If  rays  come  more  converging  to  fuch  a  glafs, 
dian  parallel  rays  diverge  after  paffing  through 
it,  they  will  continue  to  converge  after  paffing 
through  it ;  but  will  not  meet  fo  foon  as  if  no 
glals  had  been  in  the  way ;  and  will  incline  to- 
ward the  fame  fide  to  which  they  would  have 
diverged,  if  they  had  come  parallel  to  the  glafs. 
Thus  the  rays  /  and  by  going  in  a  converging 
(late  toward  the  edge  of  the  glafs  at  B^   and 
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converging  more  in  their  wny  to  it  than  thr  pa- 
rallel rays  diverge  after  pufllng  through  it,  thejr 
will  go  on  converging  after  they  fih  through  it, 
though  ia  a  lefs  degree  than  they  did  before,  and 
will  mecr  at  /;  but  if  no  gUfs  had  been  ia  their 
way,  they  would  have  met  at  i. 

When  the  parallel  rays,  m  d  f  a^  Cm  by  elc^ 
fall  upon  a  concave  mirror  ji  B  (which  is  not 
tranfparentj  but  has  only  the  fufface  A  h  B  of 
a  clear  polifli)  they  will  be  reflevSlcd  back  from 
that  mirror,  and  meet  in  a  point  m^  at  half  the 
diftancc  of  the  furface  of  the  mirror  from   C, 
the  center  of  its   concavity:    for  they  will  be 
fcfledled  at  as  great  an  angle  from  the  perpendi- 
cular to  the  furface  of  the  mirror,  as  they  fell 
upon  it,  with  regard  to  that  perpendicular ;  but 
on  the  other  fide  thereof.     Thus,  let  C  be  -the 
center  of  concavity  of  the  mirror  A  b  B^  and 
let  the  parallel  rays  d  f  a^  C/m  by  and  elc^  fall 
upon  it  at  the  points  a  by  and  c.      Draw  the 
lines  Cidy  Cm  by  and  Chcy  from  the  center  C 
to  thefe  points ;  and  all  thefe  lines  will  be  per- 
pcndicular  to  the  furface  of  the  mirror,  becaufe 
they  proceed  thereto  like  fo  many  radii  or  fpokea 
from  its  center.     Make  the  angle  Cab  equal 
to  the  angle  d  a  Cy  and  draw  the  line  a  m  b^ 
which  will  be  the  diredlion  of  the  ray  df  ay  after 
it  is  reflefted  from  the  point  a  of  the  mirror :  fo 
that  the  angle  of  incidence  daCy  is  equal  to  the 
angle  of  refleftion  Cab\  the  rays  making  equal 
angles  with  the  perpendicular  Ci  a  on  its  oppo- 
fite  fides. 

Draw  alfo  the  perpendicular  C be  to  the  point 
Cy  where  the'  ray  elc  touches  the  mirror;  and^ 
having  made  the  angle  Cci,  equal  to  the  angle 
C  c  L\   draw  the  line  c  m  /,  which  will  be  the 
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courfe  of  the  ray  e  I  c^  after  it  is  reflefled  from 
the  mirror. 

The  ray  C  m  b  pafles  through  the  center  of 
concavity  of  the  mirror,  and  falls  upon  it  at 
hy  the  perpendicular  to  it  i  and  is  therefore  re  - 
flefted  back  from  it  in  the  fame  line  bmC. 

All  thefe  reflefted  rays  meet  in  the  point  m ; 
and  in  that  point  the  image  of  the  body  which 
emits  the  parallel  rays  day  Cby  and  ecy  will  be 
formed :  which  point  is  diftant  from  the  mir- 
ror equal  to  half  the  radius  b  m  C  o(  its  con- 
cavity. 

The  rays  which  proceed  from  any  celeftial 
objeft  may  be  efteemed  parallel  at  the  earth; 
and  therefore,  the  images  of  that  objeft  will  be  . 
formed  at  »»,  when  the  reflefting  furface  of  the 
concave  mirror  is  turned  diredtly  toward  the 
objedt.  Hence,  the  focus  m  of  parallel  rays 
is  not  in  the  center  of  the  mirror's  concavity, 
but  half  way  between  the  mirror  and  that 
center. 

The  rays  which  proceed  from  any  remote 
terreftrial  objeft,  are  nearly  parallel  at  the  mir- 
ror; not  ftriaiy  fo,  but  come  diverging  to  it, 
in  feparate  pencils,  or,  as  it  were,  bundles  of 
rays,  from  each  point  of  the  fide  of  the  objefl: 
next  the  mirror :  and  therefore  they  will  not 
be  converged  to  a  point,  at  the  diftance  of  half 
the  radius  of  the  mirror's  concavity  from  its 
reflefting  furface ;  but  into  feparate  points  at  a 
little  greater  diftance  from  the  rnirror.  And 
the  nearer  the  objeft  is  to  the  mirror,  the  far- 
ther thefe  points  will  be  from  it  j  and  .an  in- 
verted image  of  the  objeft  will  be  formed  in 
them,  which  will  feem  to  hang  pendent  in  the 
air ;  and  will  be  feen  by  an  eye  placed  beyond 
it  (with  regard  to  the  mirror)  in  all  refpefts 

like 
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like  the  objcdj  and  as  diftinft  as  the  objeft 
itfelf- 
Fig*  J.  Let  Jc  B  be  the  reflefting  furfacc  of  a  mir- 
ror, whole  center  of  concavky  is  at  C;  and 
let  the  upright  objeft  D  £  be  placed  beyond  the 
center  C,  and  fend  out  a  conical  pencil  of  di- 
verging rays  fronn  its  upper  extremity  D,  to 
every  point  of  the  concave  furface  of  the  mir- 
ror A  €  B.  But  to  avoid  confufion,  we  only 
draw  three  rays  of  that  pencil^  as  Z>  //,  D  c^ 
DB. 

From  the  center  of  concavity  C,  draw  the 
three  right  lines  CJ^  Cc^  C  B^  touching  the 
mirror  in  the  fame  points  where  the  forefaid  rays 
touch  iti  and  all  thefe  lines  will  be  perpendi- 
cular to  the  lurface  of  the  mirror.  Make  the 
angle  CAd  equal  to  the  angle  DACy  and  draw 
the  right  line  Ad  for  the  courfe  of  the  reflefted 
fay  DA:  make  the  angle  Ccd  equal  to  the 
angle  Dc  d  and  draw  the  right  line  c  d  for  the 
courfe  of  the  reflefted  ray  D  d :  make  alfo  the 
angle  C  B  d  equal  to  the  angle  DBQ  and  draw 
the  right  line  B  d  for  the  courfe  of  the  reflefted 
.  ray  D  B.  All  thefe  reflefted  rays  will  meet  in 
the  point  d,  where  they  will  form  the  extremity 
d  of  the  inverted  image  e  d^  fimilar  to  the  extre- 
mity D  of  the  upright  objeft  DE. 

If  the  pencils  of  rays  E/,  Eg^  Ehy  be  alfo 
continued  to  the  mirror,  and  their  angles  of  re- 
flexion from  it  be  made  equal  to  their  angles  of 
incidence  upon  it,  as  in  the  former  pencil  from 
Dy  they  will  all  meet  at  the  point  e  by  refleftion, 
and  form  the  extremity  e  of  the  image  ed,  fimi- 
lar to  the  extremity  E  of  the  objeft  D  E. 

And  as  each  intermediate  point  of  the  objeft, 
between  D  and  £,  fends  out  a  pencil  of  rays  in 
like  manner  to  every  part  of  fhe  mirror,  the 
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rays  of  each  pencil  will  be  reSefled  back  from 
it,  and  meet  in  all  the  intermediate  points  be- 
tween the  extremities  e  and  ^  of  the  image ;  and 
{q  the  whole  image  will  he  formed,  not  at  /, 
half  the  diftance  ot  the  mirror  from  its  center  of 
concavity  C;  but  at  a  greater  diftance,  between 
i  and  the  objed  D  E ;  and  the  image  will  be  m- 
verted  with  rcfpeft  to  the  objed. 

This  being  well  underftood,  the  reader  will 
eafily  fee  how  the  image  is  formed  by  the  large 
concave   mirror    of   the    refleding    telefcope, 
when  he  comes  to  the  defcription  of  that  inftru 
ment. 

When  the  objed  is  more  remote  from  the 
mirror  than  its  center  of  concavity  C,  the 
image  will  be  lefs  than  the  objed,  and  between 
the  objed  and  mirror:  when  the  objed  is  nearer 
than  the  center  of  concavity,  the  image  will  be 
more  remote  and  bigger  than  the  objed :  thus, 
if  Z)  £  be  the  objed,  e  d  will  be  its  image ;  for, 
as  the  objed  recedes  from  the  mirror,  the 
image  approaches  nearer  to  it  \  and  as  the  ob- 
jed approaches  nearer  to  the  mirror,  the  image 
recedes  farther  from  it  \  on  account  of  the  lefler 
or  greater  divergency  of  the  pencils  of  rays 
which  proceed  from  the  objed;  for,  the  lefs  ^ 
they  diverge,  the  fooner  jfiey  are  converged  to 
points  by  refledion;  and  the  more  they  di- 
verge, the  farther  they  muft  be  rcfleded  before 
they  meet. 

If  the  radius  of  the  mirror's  concavity  and 
the  diftance  of  the  objed  from  it  be  known,  the 
diftance  of  the  image  from  the  mirror  is  found 
by  this  rule :  divide  the  produd  of  the  dif- 
tance and  radius  by  double  the  diftance  made 
lefs  by  the  radius,  and  the  quotient  is  the  dif- 
tance required. 

If 
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If  the  ob]c£t  be  in  the  center  of  the  nnrrrcir'a 
concavity,  the  image  znd  objed  will  be  coinci- 
dent, and  equal  in  bulk, 

If  a  vnm  places  hlmfelf  direftly  before  a  large 
concave  mirror,    bat   farther   from  it  than  its 
center   of  concavity,    he   wiil  fee  an    inverted 
image  of  himfclf  in  the  air,  between  him  and 
the  mirror^  of  a  lefs  fize  than  himfelf.     And 
if  he  holds   out  his  hand  toward  the  mirror, 
the  hand  of  the  image  will  come  out  toward 
his   hand,   and  coincide  with  it,  of  an   equal  . 
bulk,  when  his  hand  is  in  the  center  of  conca- 
vity; and  he  will  imagine  he  may  fhake  hands 
with  his  image.     If  he  reaches  his  hand  farther, 
the  hand  of  the  image  will  pafs  by  his  hand,  and 
come  between  his  hand  and  his  body :  and  if  he 
moves  his  hand  toward  either  fide,  the  hand  of 
the  iniage  will  move  toward  the  other ;  to  that 
whatever  way  the  objeft  moves,  the  image  wiH 
move  the  contrary  way. 

All  the  while  a  by-ftander  will  fee  nothing  of 
the  image,  becaufe  none  of  the  peflefted  rays  that 
form  it  enter  his  eyes. 

If  a  fire  be  made  in  a  large  room,  and  a 
fmoo?h  mahogany  table  be  placed  at  a  good 
diftance  near  the  wall,  before  a  large  concave 
mirror,  fo  placed,  that  the  light  of  the  fire 
may  be  reflefted  from  the  mirror  to  its  focus 
upon  the  table  j  if  a  perfon  Hands  by  the  tabic, 
he  will  fee  nothing  upon  it  but  a  longifh  beam 
of  light :  but  if  he  flands  at  a  diftance  toward 
the  fire,  not  directly  between  the  fire  and  mir- 
ror, he  will  fee  an  image  of  the  fire  upon  the 
table,  large  and  eredt.  And  if  another  per- 
fon, who  knows  nothing  of  this  mattfer  before- 
hand, Ihould  chance  to  come  into  the  room, 
and  fhould  look  from  the  fire  toward  the  table. 
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he  wonld  be  ftartled  at  the  appearance ;  for  the 

table  would  feem  to  be  on  fire,  and  by  being 

near  the  wainfcot,  to  endanger  the  whole  houl'e. 

In  this  experiment  there  fliould  be  no  light  in  the 

roonn,  but  what  proceeds  fronn  the  fire ;  and  the 

mirror  ought  to  be  at  leaft  fifteen  inched  in  dia-  ^ 

meter. 

If  the  fire  be  darkened  by  a  fcrcen,  and  a 
large  candle  be  placed  at  the  back  of  the  fcreen ; 
a  perfon  (landing  by  the  candle  will  fee  the 
appearance  of  a  fine  large  ftar,  or  rather  planet, 
upon  the  table,  as  bright  as  Venus  or  Jupiter. 
And  if  a  fmall  wax  taper  (whofe  flame  is  much 
lefs  than  the  flame  of  the  candle)  be  placed  near 
the  candle,  a  fatellite  to  the  planet  will  appear 
on  the  table :  and  if  the  taper  be  moved  round 
the  candle,  the  fatellite  will  go  round  the  planet. 

For  thefe  two  pleafing  experiments,  I  am  in-     * 
debted  to  the  late  reverend  Dr.  Long,  Lowndes^ 
profeflTor  of  aftronomy  at  Cambridge,  who  fa- 
voured me  with  the  fight  of  them,  and  many 
more  of  his  curious  inventions. 

In  a  refra^ingtelefcopey  the  glafs  which  is  nearefl:  The  r^. 
the  objeft  in  viewing  it,  is  called  the  obje3f -glafs  yf^aaing 
and  that  which  is  nearefl:  the  eye,  is  called  the  ^'V^^/^- 
tye-glajs.     The  objeft-glafs  mufl:  be  convex,  but 
the  eye-glafs  may  be  either  convex  or  concave : 
and  generally,  in  looking  through  a  telefcope, 
the  eye  is  in  the  focus  of  the  eye-glafs  j  though 
that  is  not  very  material :  for  the  diftance  of  the 
eye,,  as  to  difl:in6k  vifion,  is  indifferent,  provided 
the   rays  of  the   pencils   fall  upon  it  parallel : 
only  the  nearer  the  eye  is  to  the  end  of  the  tele- 
fcope, the  larger  is  the  fcopc  or  area  of  the  field 
of  view. 

Let  ^i  be  a  convex-glafs  fixed  in  a  long  tube.  Fig.  4, 
and  have  its  focus  at  £,     Then,  a  pencil  of  rays 
0.  gbi. 
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gb  u  flowing  from  the  upper  extremity  J  of  tlic 
remote  objefl  AB^  will  be  ib  refrafted  by  pafling 
through  the  glafs,  as  to  converge  and  meet  in 
the  point/ J  while  the  pencil  of  rays  klm  flow- 
ing from  the  lower  extremity  5,  of  the  fame  ob- 
1^  jeft  A  5>  and  pafling  through  the  gkfs,  will  con- 

verge and  meet  in  the  point  e :  and  the  images 
i)f  the  points  A  and  5,  will  be  formed  in  the 
points  /  and  f.  And  as  all  the  intermediate 
points  of  the  objeft,  between  ^and  5,  fend  out 
pencils  of  rays  in  the  fame  manner^  a  fufficienc 
number  of  thcfe  pencils  will  pafs  through  the 
objcft  glafs  c  dj  and  converge  to  as  many  inter- 
mediate  points  between  e  and  f^  and  fo  will  form 
the  whole  inverted  image  e  Ef^  of  the  diftin£t 
objeft.  But  becaufe  this  image  is  fmall,  a  con- 
cave glafs  no  is  fo  placed  in  the  end  of  die  tube 
next  the  eye,  that  its  virtual  focus  may  be  at  F. 
And  as  the  rays  of  the  pencils  pafs  convergbg 
through  the  concaye  glafs,  but  converge  lels  after 
pafling  through  it  than  before,  they  go  on  fur- 
ther, as  to  b  and  ^,  before  they  meet ;  and  the 
pencils  themfelves  being  made  to  diverge  by 
pafling  through  the  concave  glafs,  they  enter 
the  eye,  and  form  the  large  pifture  ab  upon 
the  retina,  whereon  it  is  magnified  under  the 
angle  b  F  a. 

But  this  telefcope  has  one  inconveniency  which 
renders  it  unfit  for  mod  purpofes,  which  is,  that 
the  pencils  of  rays  being  made  to  diverge  by 
pafling  through  the  concave  glafs  n  Oy  very  few 
of  them  can  enter  the  pupil  of  the  eye ;  and 
therefore  the  field  of  view  is  but  very  fmall,  as 
is  evident  by  the  figure.  For  none  of  the  pen- 
cils which  flow  cither  from  the  top  or  bottom  of 
the  objeft  A  B  can  enter  the  pupil  of  the  eye  at 
C,  but  are  all  Ilopt  by  falling  upon  the  iris 
3  ^bove 
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above  and  below  the  pupil :  and  therefore,  only 
the  middle  part  of  the  objeft  can  be  fcen  when 
the  telefcope  lies  diredbly  toward  it,  by  means 
of  thofe  rays  which  proceed  from  the  middle  of 
the  objeft.  So  that  to  fee  the  whole  of  it,  the 
telefcope  muft  be  moved  upward  and  downward, 
unlefs  the  objeft  be  very  remote ;  and  then  it  if 
never  feen  diftinftly. 

This  inconvenience  is  remedied  by  fubftitut-  Fig.  5. 
ing  a  convex  eye-glafs,  as  gh^  in  place  of  the 
concave  one  j  and  fixing  it  fo  in  the  tube,  that 
its  focus  may  be  coincident  with  the  focus  of  the 
objcft-glafs  cdy  as  at  E.  For  then,  the  rajjs 
of  the  pencils  flowing  from  the  objeft  A  By  and 
paffing  through  the  objeft-glafs  cdy  will  meet^n 
its  focus,  and  form  the  inverted  image  m  Ep: 
and  as  the  image  is  formed  in  the  focus  of  the 
eye-glafs  ^  A,  the  rays  of  each  pencil  will  be  pa-^ 
raHel,  after  pafling  through  that  glafs ;  but  the 
pencils  themfelves  will  crofs  in  its  focus,  on  the 
other  fide,  as  at  e:  and  the  pupil  of  the  eye 
being  in  this  focus,  the  image  will  be  viewed 
through  the  glafs,  under  the  angle  g  c  h\  and 
being  at  £,  it  will  appear  magnified,  fo  as  to  fill 
the  whole  fpace  Cm  ep  B. 

But,  as  this  telefcope  inverts  the  image  with 
rcfpeft  to  the  objeft,  it  gives  an  unpleafant  view 
of  terreftrial  objefts  j  and  is  only  fit  for  viewing 
the  heavenly  bodies,  in  which  we  regard  not  their 
pofition,  beqaufe  their  being  inverted  does  not 
appear,  oh  account  of  their  being  round.  But 
whatever  way  the  objeft  fecms  tp  move,  this  tele- 
fcope muft  be  moved  the  contrary  way,  in  order 
to  Wep  fight  of  it ;  for,  fince  the  objeft  is  in- 
vertedi  its  motion  will  be  fd  too. 

The  magnifying  power  of  this  telefcope  is, 

as  the  focal  diftance  of  the  objeA-glafs  to  the 

0^2  foqaj 
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focal  Jiflance  of  the  eye*g!afs.  Therefore^  if  the 
former  be  divided  by  the  lacterj  the  quotient  will 
expiefs  the  magnifying  power. 

When  we  fpeak  of  magnifying  by  a  telefcope 
or  micrafcope,  it  is  only  mcanc  with  regard  to  the 
diameter^  not  to  the  area  or  folidity  of  the  object. 
But  as  the  inftrument  magnifies  the  vertical  dia- 
meter, as  much  as  it  does  the  horirantal,  it  is 
eafv  to  find  how  much  the  whole  vifiblc  area  or 
'furface  is  magnified:  for,  if  the  diameters  be 
multiplied  into  one  another,  the  product  will  ex- 
prefi  the  magnification  of  the  whole  vifible  area* 
Thus,  fuppofe  the  focal  diftancc*of  the  obje6l- 
glaf »  be  ten  times  as  great  as  tlie  focal  diftance  of 
tlie  "  rrlaf^ ;  then,  the  objeft  will  be  magnified 
ten  times,  both  in  length  and  breadth  :  and  lo 
multiplied  by  lo,  produces  lOO;  which  (hews, 
that  the  area  of  the  objeft  will  appear  loo  times 
as  big  when  feen  through  fuch  a  telefcope,  as  it 
does  to  the  bare  eye. 

Hence  it  appears,  that  if  the  focal  difiancc  of 
the  eye-glafs,  were  equal  to  the  focal  diftancc  of 
the  objeft-glafs,  the  magnifying  power  of  the 
telefcope  would  be  nothing. 

This  telefcope  may  be  made  to  magnify  in  any 
given  degree,  provided  it  be  of  a  fufHcient  length. 
For,  the  greater  the  focal  diftance  of  the  objcft- 
glafs,  the  lefs  may  be  the  focal  diftance  of  the  eycr 
glafs  y  though  not  direftly  in  propordon.  Thus> 
an  obje£l-glafs  of  lo  feet  focal  diftance,  will  ad- 
mit of  an  eye-glafs  whofe  focal  diftance  is  litdc 
more  than  2^  inches ;  which  will  magnify  near  48 
times  :  but  an  objeft-glafs,  of  100  feet  focus,  will 
require  an  eye-glafs  fomewhat  more  than  6  inches 
and  will  therefore  magnify  almoft  200  timcV 

A  telefcope  for  viewing  terreftrial  objefts,ftiould 
be  fo  conftrufted,  as  to  Ihew  them  in  their  natural 

I         pofture. 
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pofturc.  And  this  is  done  by  one  objeft-glafs  Fig.  6, 
€  dy  and  three  eye-glafles  <?/,  g  hy  i  ky  lb  placed, 
that  the  diftance  between  any  two,  which  are 
neareft  to  each  other,  may  be  equal  to  the  fum 
of  their  focal  diftances ;  as  in  the  figure,  where 
the  focus  of  the  glaffes  c  d  and  ef  meet  at  F, 
thofe  of  the  glaffes  ef  and  g  b  meet  at  /,  and  of 
gh  and  iky  at  m-y  the  eye  being  at  »,  in  or  near 
the  focus  of  the  eye-glafs  /  ky  on  the  other  fide. 
Then,  it  is  plain,  that  thefe  pencils  of  rays,  which 
flow  from  the  objeft  A  By  and  pafs  through 
the  objedt-glafs  c  dy  will  meet  and  form  an  in- 
verted image  CFD  in  the  focus  of  that  glafs ; 
and  the  image  being  alfo  in  the  focus  of  the  glafs 
efy  the  rays  of  the  pencils  will  become  parallel^ 
after  paffing  through  that  glafs,  and  crofs  at  /,/ 
in  the  focus  of  the  glafs  efi  from  whence  they 
pafs  on  to  the  next  glafs  g  by  and  by  going 
through  it  they  are  converged  to  points  in  its 
other  focus,  where  they  form  an  ereft  image 
Em  Fy  of  the  objeft  AB  :  and  as  this  image  is 
alfo  in  the  focus  of  the  eye-glafs  i  ky  and  the  eye 
on  the  oppofite  fide  of  the  fame  glafs ;  the  image 
is  viewed  through  the  eye-glafs  in  this  telcfcope, 
in  the  fame  manner  as  through  the  eye-glafs  in 
the  former  one ;  only  in  a  contrary  pofition,  that 
is,  in  the  fame  pofition  with  the  objeft. 

The  three  glafles  next  the  eye,  have  all  their 
focal  difliances  equal :  and  the  magnifying  power 
of  this  telefcope  is  found  the  fame  way  as  that  of 
the  laft  above ;  viz.  by  (dividing  the  focal  diftance 
of  the  objeft-glafs  c  dy  by  the  focal  diftance  of 
the  eye-glafs  iky  or  gby  or  ef  fince  all  thefe 
three  are  equal. 

When  the  rays  of  light  are  feparated  by  re- 

fraftion,  they  become  coloured,  and  if  they  be 

united  again,  they  will  be  a  perfeft  white.     But 

0^3  thofe 
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Why  the  thofe  rays  which  pafs  through  a  convex  glafs, 
objedap-near  its  edges  are  more  unequally  refracted  than 
P**'*,*^  thofe  which  are  nearer  the  middle  of  the  glafs. 
when fccn  And  when  the  rays  of  any  pencil  arc  unequally 
through  a  refrafted    by  the  glafi,    they  do  not  all  meet 
teleicope.  again  in  one  and  tlie  fame  point,  but  in  feparatc 
points;  which  makes  the  image  indiftinft,  and 
coloured,  about  its  edges*     The  remedy  isy  to 
have  a  plate  with  a  fmall  round  hole  in  its  mid- 
'     die,  fixed  in  the  tube  at  ot,  parallel  to  the  glaffes* 
For,  the  wandering  rays  about  the  edges  of  the 
glaffes  will  be  ftopt,  by  the  plate,  from  coming 
to  the  eye :  and  none  admitted  but  thofe  which 
come  through  the  middle  of  the  glafs,  or  at  Icaft 
at  a  good  diftance  from  its  edges,  and  pafs  through 
the  hole  in  the  middle  of  the  plate.     But  this 
circumfcribes  the  image,  and  leflcns  the  field  of 
view,  which  would  be  much  larger  if  the  plate 
could  be  difpenfed  with. 
The  re-        fhe  g^eat  inconvenience  attending  the  ma- 
teU/cfpe.    n^gcn^^^t  of  lo"g  telefcopes  of  this  kind,  has 
brought  them  much  into  difufe  ever  fince  the 
refle5iing  tele/cope  was  invented.     For  one  of  this 
fort,  fix  feet  in  length,  magnifies  as  much  as  one 
of  the  other  a  hundred  feet.     It  was  invented  by 
Sir  Ifaac  Newton,  but  has  received  confiderable 
improvements  fince  his  time ;  and  is  now  gene- 
rally conftrufted  in  the  following  manner,  which 
was  firft  propofed  by  Dr.  Gregory. 
Kg.  7«         At  the  bottom  of  the  great  tube  7*  ST  T*  7*  is 
placed  the  large  concave  mirror  DUVF,  whofc 
principal  focus  is  at  /wj  and  in  its  middle  is  a 
round  hole  Py  oppofitc  to  which  is  placed  the 
fmall  mirror  Z,  concave  toward  the  great  one  j 
and  fo  fixed  to  a  ftrong  wire  Af,  that  it  may 
be  moved  farther  from  the   great  mirror,   or 
nearer  to  it^  by  me^ns  of  a  long  fcrew  on  the 

out* 
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outfide  of  the  tube,  keeping  its  axis  ftill  in  the 
fanie  line  Pmn  with  that  of  the  great  one.— 
Now,  fince  in  viewing  a  very  remote  objeft,  we 
can  fcarce  fee  a  point  of  it  but  what  is  at  ledl  as 
broad  as  the  great  mirror,  we  rrtay  confider  the 
rays  of  each  pencil,  which  flow  from  every  point 
of  the  objeit,  to  be  parallel  to  each  other,  and 
to  cover  the  whole  reflefting  furface  DUVF. 
But  to  avoid  confufion  in  the  figure,  we  (hall 
only  draw  two  rays  of  a  pencil  flowing  from  each 
extremity  of  the  obje6k  into  the  great  tube,  and 
trace  their  progrefs,  through  all  their  refleftions 
and  refraftions,  to  the  eye  /,  at  the  end  of  the 
fmall  tube  /  /,  which  is  joined  to  the  great  one. 

Let  us  then  fuppofe  the  objeft  A  B  to  be  at 
fuch  a  diftance,  that  the  rays  C  may  flow  from 
its  lower  extremity  By  and  the  rays  E  from  its 
upper  extremity  A.  Then  die  rays  C  falling 
parallel  upon  the  great  mirror  at  D,  will  be 
thence  reflefted,  converging  in  the  diredtion 
D  G ;  and  by  crofling  at  /  in  the  principal  focus 
of  the  mirror,  they  will  form  the  upper  extre- 
mity /of  the  inverted  image  IKy  fimilar  to  the 
lower  extremity  B  of  the  objeft  A B:  and  paf- 
fing  on  to  the  concave  mirror  L  (whofe  focus  is 
at  n)  they  will  fall  upon  it  at^,  and  be  thence  re- 
fledted  converging  in  the  diredlion  g  N,  becaufe 
gm  IS  longer  than  g  n ;  and  pafling  through  the 
hole  P  in  the  large  mirror,  they  would  meet 
fomewhere  about  r,  and  form  the  lower  extremity 
b  of  the  ercft  image  a  by  fimilar  to  the  lower  ex- 
tremity B  of  the  objcft  A  B.  But  by  pafling 
through  thcL  plano-convex  glafs  R  in  their  way, 
they  form  that  extremity  of  the  image  at  b. 
In  like  manner,  the  rays  £,  which  come  from  the 
top  of  the  obje6t  A  By  and  fall  parallel  upon  the 
great  mirror  at  -F,  are  thence  reflefted  converge 
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ing  to  Its  focus,  where  they  form  the  lower  «• 
trcmity  K  of  the  inverted  image  IK^  fimilar  10 
the  upper  extremity  A  of  the  objeifl  A  B  »  and 
thence  pafllng  on  to  the  fmall  mirror  JL,  and 
falling  upon  it  at  b^  they  are  thence  refleftcd  in 
the  converging  ilace  b  O  j  and  going  on  through 
the  hole  P  of  the  great  mirror,  they  will  meet 
fomewhere  about  q^  and  form  there  the  upper 
extremity  a  of  the  ereft  image  a  i,  fimilar  to  the 
upper  extremity  A  of  the  object  A  B:  but  by 
paQing  through  the  convex  glafs  R  in  their  way, 
they  meet  and  crofs  fooner,  as  at  a^  where  that 
point  of  the  ereft  image  is  formed, — The  like 
being  underftood  of  all  thofe  rays  which  flow 
from  the  intermediate  points  of  the  objeft,  be- 
tween A  and  jB,  and  enter  the  tube  3"  7*;  all  the 
intermediate  points  of  the  image  between  a  and 
b  will  be  formed  :  and  the  rays  pafllng  on  from 
the  image  through  the  eye  glafs  Sy  and  through 
a  fmall  hole  e  in  the  end  of  the  leffer  tube  /  /, 
they  enter  the  eye  /,  which  fees  the  image  a  b 
(by  means  of  the  eye-glafs)  under  the  large 
angle  c  edy  and  magnified  in  length,  under  that 
angle  from  c  to  d. 

In  the  beft  rcfleding  telefcopes,  the  focus  of 
the  fmall  mirror  is  never  coincident  with  the 
focus  m  of  the  great  one,  where  the  firft  image 
IK  is  formed,  but  a  litde  beyond  it  (with  rcfpedt 
to  the  eye)  as  at  n  :  the  confequcnce  of  which  is, 
that  the  rays  of  the  pencils  will  not  be  parallel 
after  refleftion  from  the  fmall  mirror,  but  con- 
verge fo  as  to  meet  in  points  about  y,  ^,  r  j  where 
they  will  form  a  larger  upright  image  than  a  b^ 
if  the  glafs  R  was  not  in  their  way  j  and  this 
image  might  be  viewed  by  means  of  a  fingle 
eye-glafs  properly  placed  between  the  image  and 
the  eye :  but  then  the  field  of  view  would  be 
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lefs,  and  confequently  not  fo  pleafant  j  fof  which 
reafon,  the  glals  R  is  ftill  retained,  to  enlarge  the 
fcope  or  area  of  the  field. 

To  find  the  nnagnifying  power  of  this  tele- 
fcope,  multiply  the  focal  diftance  of  the  great 
mirror  by  the  diftance  of  the  fmall  mirror  from 
the  image  next  the  eye,  and  multiply  the  focal 
diftance  of  the  fmall  mirror  by  the  focal  diftance 
of  the  cye-glafs :  then,  divide  the  produft  of 
the  former  multiplication  by  the  produft  of  the 
latter,  and  the  quotient  will  exprefs  the  magni- 
fying power. 

I  (hall  here  fet  down  the  dimenfions  of  one  of 
Mr.  Sberf^  reflecting  telefcopes,  as  defcribcd  in 
Dr.  Smitlfs  Optics. 

The  focal  diftance  of  the  great  mirror  9.6 
inches,  its  breadth  2.3  i  the  focal  diftance  of  the 
fmall  mirror  1.5,  its  breadth  0.6  :  the  breadth 
of  the  hole  in  the  great  mirror  0.5  ;  the  .diftance 
between  the  frpall  mirror  and  the  next  eye-glafs 
14.2;  the  diftance  between  the  two  eye-glafles 
2.4  J  the  focal  diftance  of  the  eye-glafs  next  the 
metals  3,8 ;  and  the  focal  diftance  of  the  eye- 
glafs  next  the  eye  i.i. 

One  great  advantage  of  the  reflefting  tele- 
fcope  is,  that  it  will  admit  of  an  eye-glafs  of  a 
much  fhorter  focal  diftance  than  a  refradling 
telefcope  will  ^  and,  confequendy,  it  will  mag- 
nify fo  much  the  more :  for  the  rays  are  not  co- 
loured by  refledtion  from  a  concave  mirror,  if  it 
be  ground  to  a  true  figure,  as  they  are  by  pafling 
through  a  convex-glafs,  let  it  be  ground  ever  fo 
true. 

The  adjufting  fcrew  on  the  outfide  of  the 
great  tube  fits  this  telefcope  to  all  forts  of  eyes, 
by  bringing  the  fmall  mirror  either  nearer  to 
the  eye,  or   removing  it    farther ;    by  which 
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tneanSy  the  rays  arc  made  to  diverge  a  little  fot 
fliort-figlited  eyesj  or  to  converge  for  thofc  of  a 
long  fight. 

The  nearer  an  objcft  is  to  die  telefcope,  the 
nfiore  its  pencils  of  rays  will  diverge  before  they 
fail  upon  the  great  mirror,  and  therefore  they 
will  be  the  longer  of  meeting  in  points  after  re- 
flection^ fo  that  the  firft  image  IK  will  be 
fbrnt^  at  a  greater  di (lance  from  the  large  mir- 
ror, when  the  objeft  is  near  the  telefcopej  than 
when  it  is  very  remote.  But  as  this  image  moft 
be  formed  farther  from  the  fmall  mirror  than  its 
principal  focus  n,  this  mirror  mull  be  always  fet 
at  a  greater  diftance  from  the  large  one,  in  view- 
ing near  objefts,  than  in  viewing  remote  ones. 
And  this  is  done  by  turning  the  fcrew  on  the  out-  ' 
fide  of  the  tube^  until  the  fmall  mirror  be  fo  ad- 
jufted,  that  the  objeft  (or  rather  its  image)  ap- 
pears perfeft. 

In  looking  through  any  telefcope  toward  an 
objedl,  we  never,  fee  the  objeft  itfelf,  but  only 
that  image  of  it  which  is  formed  next  the  eye  in 
the  telefcope.  For,  if  a  man  holds  his  finger  or  a 
ftick  between  his  bare  eye  and  an  objeft,  it  will 
hide  part  (if  not  the  whole)  of  the  objeft  from 
his  view.  But  if  he  ties  a  ftick  acrofs  the  mouth 
of  a  telefcope,  before  the  objeft-glafs,  it  will  hide 
fio  part  of  the  imaginary  objeft  he  faw  through 
the  telefcope  before,  unlefs  it  covers  the  whole 
mouth  of  the  tube :  for,  all  the  effeft  will  be, 
to  make  the  objeft  appear  dimmer,  becaufe  it 
intercepts  part  of  the  rays.  Whereas,  if  he  puts 
only  a  piece  of  wire  acrofs  the  infide  of  the  tube, 
between  the  eye-glafs  and  his  eye,  it  will  hide 
part  of  the  objeft  which  he  thinks  he  fees:  which 
proves  that  he  fees  not  the  real  objeft,  but  its 
tmage.    This  is  alfo  confirmed  by  means  of  the 
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fmall  mirror  L,  in  the  rcflcdting  telefcope,  which 
b  made  of  opaque  metal,  and  ftands  direftly  be* 
tween  the  eye  and  the  objcft  toward  which  the 
telefcope  is  turned ;  and  will  hide  the  whole  ob- 
jcft  from  the  eye  at  ^,  if  the  two  glafles  R  and 
S  are  taken  out  of  the  tube. 

The  multiplying  glafs  is  made  by  grinding  Plate 
down  the  round  fide  hik  o(z  convex  glafs  AB  ^}^* 
into  feveral  flat  furfaces,  ^s  bb^  bid,  dk.  An  yjf^J^ 
objed  C  will  not  appear  magnified,  when  feen  tiplying^ 
through  this  glafs,  by  the  eye  at  //;  but  it  will^Ai/J. 
appear  multiplied  into  as  many  different  obje6U 
as  the  glafs  contains  plane  furfaces. '  For,  fincc 
rays  will  flow  from  the  objeft  C  to  all  parts  of 
the  glafs,  and  each  plane  furface  will  refraft  thefc 
rays  to  the  eye,  the  fame  objeft  will  appear  to 
the  eye,  in  the  diredtion  of  the  rays  which  enter 
it  through  each  furface.  Thus,  a  ray  g  i  //, 
falling  perpendicularly  on  the  middle  furface, 
will  go  through  the  glafs  to  the  eye  without  fuf- 
fering  any  refraftion ;  and  will  therefore  ftiew 
the  objeft  in  its  true  place  at  C:  while  a  ray  ab 
flowing  from  the  fame  objeft,  and  falling  ob- 
fiquely  on  the  plane  furface  b  h,  will  be  refraded 
in  the  direftion  b  e^  by  pafling  through  the  glafej 
and  upon  leaving  it,  will  go  on  to  the  eye  in  the 
direftion  e  Hy  which  will  caufe  the  fame  objeft 
C  xo  appear  alfo  at  £,  in  the  direftion  of  the  ray 
Hiy  produced  in  the  right  line  Hen.  And  the 
ray  c  dy  flowing  from  the  objcft  C,  and  falling 
obliquely  on  the  plane  furface  dk^  will  berefi-aft- 
ed  (by  pafling  through  the  glafs  and  leaving  it 
at^)  to  the  eye  at  H\  which  will  caufe  the  fame 
obgeft  to  appear  at  D,  in  the  direftion  Hfm.-^ 
If  the  glafs  be  turned  round  the  line  gl  Hy.z,% 
an  axis,  the  objeft  C  will  keep  its  place,  becaufc 
the  furface  bid  is  not  removed i  but  all  the 

other 
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other  qbjefb  will  feem  to  go  round  C,  becaufr 
the  obhque  planes,  on  which  the  rays  ub^  cd 
falU  will  go  round  by  the  turning  of  the  glals. 
J,  The  camera  ohjcura  is  made  by  a  convex  gla& 
CT>y  placed  in  a  hole  of  a  window-fhutter. 
Then,  if  the  room  be  darkened  fo  as  no  hght 
^  can  enter  but  what  comes  through  the  glafs,  the 
t  pi£lures  of  all  the  objefts  (as  fields,  trees,  build- 
ings, men,  cattle,  &c.)  on  the  outfidc,  will  be 
fhewn  in  an  inverted  order,  on  a  white  paper 
placed  at  G'  H  in  the  focus  of  the  glafs  ^  and 
will  afford  a  mod  beautiful  and  pcrfe<ft  piece  of 
peripeftive  or  landfcape  of  whatever  is  before 
the  glals ;  cfpecially  if  th^  fun  fhines  upon  the 
objedls. 

If  the  convex  glafs  CD  be  placed  in  a  tube  in 
the  fide  of  a  fquare  box,  within  which  is  the 
plane  mirror  E  F,  reclining  backward  in  an 
angle  of  45  degrees  from  the  perpendicular  k  y, 
the  pencils  of  rays  flowing  from  the  outward  ob- 
jedb,  and  pafling  through  the  convex  glafs  to 
the  plane  mirror,  will  be  reflefted  upward  from 
it,  and  meet  in  points,  as  /  and  K  (at  the  fame 
diftance  that  they  would  have  met  at  H  and 
G,  if  the  mirror  had  not  been  in  the  way)  and 
will  form  the  aforefaid  images  on  an  oiled  paper 
ftretched  horizontally  in  the  direftion  IK\  on 
which  paper,  the  oudines  of  the  images  may 
be  eafily  drawn  with  a  black  lead  pencil ;  and 
then  copied  on  a  clean  Iheet,  and  coloured  by 
art,  as  the  objefts  themfelves  arc  by  nature. — 
In  this  machine,  it  is  ufual  to  place  a  plane  glafs, 
unpolifhed,  in  the  horizontal  fituation  /A",  whicb 
glafs  receives  the  images  of  the  outward  objects  ; 
and  their  outlines  may  be  traced  upon  it  by  a 
black-lead  pencil. 

N.  B. 
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N.  B.  The  tube  in^  which  the  convex  glals 
C  D  is  fixed,  muft  be  made  to  draw  out,  or  pulh 
in,  fo  as  to  adjuft  the  diftance  of  that  glafs  from 
the  plane  mirror,  in  proportion  to  the  diftance 
of  the  outward  objcfts;  which  the  operator  does, 
until  he  fees  their  images  diftinftly  painted  on 
the  horizontal  glafs  at  IK. 

The  forming  a  horizontal  image,  as  IK,  of  an 
upright  objeft  J  By  depepds  upon  the  angles  of 
incidence  of  the  rays  upon  the  plane  mirror  E  F, 
being  <:^qual  to  their  angles  of  refleftion  from 
it.  For,  if  a  perpendicular  be  fuppofed  to  be 
drawn  to  the  furface  of  the  plane  mirror  at  e^ 
where  the  ray  yia  Ce  falls  upon  it,  that  ray  will 
be  refleftcd  upward  in  an  equal  angle  with  the 
other  fide  of  the  perpendicular,  in  the  line  edL 
Again,  if  a  perpendicular  be  drawn  to  the  mir- 
ror from  the  point  /,  where  the  x^y  Abf  falls 
upon  it,  that  ray  will  be  reflefted  in  an  equal 
angle  from  the  other  fide  of  the  perpendicular,  in 
the  line  fb  L  And  if  a  perpendicular  be  drawn 
from  the  pointy,  where  the  ray  Acg  falls  upon 
the  mirror,  that  ray  will  be  refleded  in  an  equal 
angle  from  the  other  fide  of  the  perpendicular, 
in  the  line  g  i  I.  So  that  all  the  rays  of  the  pencil 
abcy  flowing  from  the  upper  extremity  of  the 
objed:  A  By  and  paffing  through  the  convex  glafi 
CD,  to  the  plane  mirror  EF,  will  be  refleded 
from  the  mirror  and  meet  at  /,  where  they  will 
form  the  extremity  /  of  the  image  IK,  fimilar 
to  the  extremity  A  of  the  objeft  A  B.  The 
like  is  to  be  underftood  of  the  pencil  qrs,  flow- 
ing from  the  lower  extremity  of  the  objeft  AB, 
and  meeting  at^  (after  refleftion  from  the  plane 
miivor)  the  rays  form  the  extremity  K  of  the 
image,  fimilar  to  the  extremity  B  of  theobjeft: 
and  fo  of  all  the  pencils. that  flow  from  the  in- 
'  termediatc 
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tenncdiate  points  of  the  objeft  to  the  mirrorj 
through  the  convex  glafs. 
The  If  a  convex  ^afa,  of  a  fliort  focal  diftancc,  be 

^^JJf"      placed  near  the  plane  mirror,  in  the  end  of  a 
'^*       fliort  tube,  and  a  convex  glais  be  placed  in  a 
hole  in  the  fide  of  the  tube,  fo  as  the  image  may 
be  formed  between  the  laft- mentioned  convex 
glafs,  and  the  plane  mirror,    the  image  being 
viewed  through  this  gkfs  will  appear  magnified. 
•p— In  this  manner  the  cpera-glaffes  arc  conftruft- 
cd ;  with  which  a  gentleman  may  look  at  any 
lady  at  a  dTiftance  in  the  company,  and  the  lady 
know  nothing  of  it. 
Thecom-     The  image  of  any  object  that  is  placed  before 
non  look-  a  plane  mirror,  appears  as  big  to  the  eye  as  the 
high/s.  ^bj^a  itfelf;  and  is  ereft,  diftinft,  and  feem- 
ingly  as  far  behind  the  mirror,  as  the  objeft  is 
before  it:  and  that  part  of  the  mirror,  which 
reflefts  the  image  of  the  objeft  to  the  eye  (the 
eye  being  fuppofed  equally  diftant  from  the  glafs 
with  the  objed)  is  juft  half  as  long  and  half  as 
fig.  3.     broad  as  the  objeft  itfelf.     Let  A  B  be  an  ob- 
ject placed  before  the  reflefting  furface  gbi  of 
the  plane  mirror  CD;  and  let  the  eye  be  at  0^ 
Let  Ah  ht  2i  ray  of  light  flowing  from  the  top 
^  of  the  object,  and  falling  upon  the  mirror  at 
b :  and  /?  w  be  a  perpendicular  to  the  furface  of 
the  mirror  at  i>,  the  ray  Ah  will  be  refle<fted 
,     from  the  mirror  to  the   eye  at  Oy    making  an 
angle  mho  equal  to  the  angle  Ah  m:  then  will 
the  top  of  the  image  E  appear  to  the  eye  in  the 
direftion  of  the  reflefted  ray  oh  produced  to  E^ 
where  the  right  line  Ap  £,  from  the  top  of  the 
,    objeft,  cuts  the  right  line  oh  Ey  at  E.     Let  B i 
be  a  ray  of  light  proceeding  from  the  foot  of  the 
objed  at  B  to  the  mirror  at  /,  and  » /  a  per- 
pendicular to  the  mirror  from    the    point   1^ 

where 
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where  the  ray  B  i  falls  upon  it :  this  ray  will  be 
refleded  in  the  line  /  Oy  making  an  angle  n  i  c, 
equal  to  the  angle  B  i  n^  with  that  perpendi- 
cular, and  entering  the  eye  at  0 :  then  will  the 
foot  F  of  the  image  appear  in  the  direction  of 
the  reflefted  ray  0  i,  produced  to  F,  where  the 
right  line  B  F  cuts  the  reflefted  ray  produced  to 
F.  All  the  other  rays  that  flow  from  the  inter- 
mediate points  of  the  objeft  jiB,  and  fall  upon 
the  mirror  between  h  and  /,  will  be  refle£ted  to 
the  eye  at  o-,  and  all  the  intermediate  points  pf 
the  image  EF  will  appear  to  the  eye  in  the  dir- 
reftion-line  of  thefe  reflefted  rays  produced. 
But  all  the  rays  that  flow  from  the  objed^  and 
fall  upon  the  mirror  above  h,  will  be  refleAed 
back  above  the  eye  at  0  5  and  all  the  rays  that 
flow  from  the  objeft,  and  fall  upon  the  mirror 
below  /,  will  be  reflefted  back  below  the  eye  at 
0 :  fo  that  none  of  the  rays  that  fall  aboye  b,  or 
below  /,  can  be  refledled  to  the  eye  at  0 ;  and 
the  difl:ance  between  b  and  i  is  equal  to  half  the 
length  of  the  objefl:  jiB. 

Hence  it  appears,  that  if  a  man  fee  his  whok  A  man 
image  in  a  plane  looking-glafs,  the  part  of  the  will  fee 
glafs  that  rcfledls  his  image  muft  be  juft  half  as  ^"  *"*«* 
long  and  half  as  broad  as  himlelf,  let  him  fl:and  j"kf^^ 
at  any  diftance  from  it  whatever ;  and  that  hisgiafs«£it 
image  muft  appear  juft  as  far  behind  the  glafs  as  "  l»it^ 
he  is  before  It.     Thiis,  the  man  jiB  viewing  ^*KjJ** 
himfelf  inthe  plane  mirror  CD,  which  is  juftp^^. 
half  as  long  as  himfelf,  fees  his  whole  image  as 
at  EF,  behind  the  glafs,  exactly  equal  to  his 
own  fize.     For,  aray  jiC  proceeding  from  his 
eye  at  yf,  and  falling  perpendicularly  upon  the 
furface  of  the  glafs  at  C,  is  reflefted  back  to  his 
eye  in  the  fame  line  C^f  j  and  the  eye  of  his 
image  will  appear  at  E,  in  the  fame  line  pro- 
duced 
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duced  to  £,  beyond  the  gbfs.  And  a  ray  S  D, 
flowing  from  his  foot,  and  falling  obliquely  on 
the  glafs  at  D^  will  be  relkfted  as  obliquely  on 
the  other  fide  of  the  ])erpendicuhr  abD^  in  the 
direftion  D  A-^  and  the  foot  of  his  image  will 
appear  at  F,  in  die  dirrftion  of  the  reBefted  ray 
AB^  produced  to  F»  where  it  is  cut  by  the  right 
line  BGF\  drawn  parallel  to  the  right  line  ACE, 
Jutt  the  fame  as  if  the  gkfs  were  taken  away, 
and  a  real  man  ftood  at  F^  equal  in  fize  to  the 
man  {landing  at  B  :  for  to  his  eye  at  yf,  the  eye 
of  the  other  man  at  £  would  be  feen  in  the  di- 
reftion  of  the  line  ACE\  and  the  foot  of  the 
'  man  at  F  w^ould  be  Hen  by  the  eye  A^  in  the  di- 
rc&ion  of  the  line  AD  F, 

If  the  glafs  be  brought  nearer  the  man  AB^ 
as  fuppofe  to  c  h^  he  will  fee  his  image  as  at 
CDG:  for  the  reflefted  ray  CA  (being perpen- 
dicular to  the  glafs)  will  (hew  the  eye  ot  the 
image  at  at  C;  and  the  incident  ray  B  b,  being 
refledted  in  the  line  b  A^  will  fhevv  the  foot  of  his 
image  as  at  G;  the  angle  of  refleftion  abAhtmg 
always  equal  to  the  angle  of  incidence  B  b  a : 
and  fo  of  all  the  intermediate  rays  from  A  to  3. 
Hence,  if  the  man  AB  advances  toward  the 
glafs  CD,  his  image  will  approach  toward  it; 
and  if  he  recedes  from  the  glafs,  his  image  will 
alfo  recede  from  it. 

Having  already  fliewn,  that  the  rays  of  light 
are  refrafted  when  they  pafs  obliquely  through 
different  mediums,  we  come  now  to  prove  that 
fome  rays  are  more  refrangible  than  others  j  and 
that,  as  they  are  differently  refradled,  they  excite 
in  our  minds  the  ideas  of  different  colours.  This 
will  account  for  the  colours  feen  about  the  edges 
of  the  images  of  thofe  objefts  which  arc  viewed 
through  fome  telefcopes. 

Let 
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Let  the  fun  fhine  into  a  dark  room  through  a  Fig.  5. 
(mall  hole^  as  at  ^  r>  in  a  window-fhutter  ;  and 
place  a  triangular  prifm  5  C  in  the  beam  of  rays 
Ai  in  fuch  a  manner^  that  the  beam  may  fall 
obliquely  on  one  of  the  fides  ahC  oi  the  prifm. 
The  rays  will  fuffcr  different  refradtions  by  paffing 
through  the  prifm,  fo  th^lt  inftead  of  going  all  The 
out  of  it  on  the  fide  dc  C,  in  one  direftion,  rhtypri/m. 
will  go  on  from  it  in  the  different  direftions  re- 
prefented  by  the  lines  /,  ^,  b^  /,  kj  hmyHi  and 
falling  upon  the  oppofite  fide  of  the  room,  or 
on  white  paper  placed  as  at  ^  j^  to  receive  them^ 
they  wilj  paint  upon  it  a  feries  of  moft  beautiful 
lively  Colours  (not  to  be  equalled  by  art)  in  this  The  r^ 
order,  viz.  thofe  rays  which  are  lead  refrafted  by  ^J«y.  e^ 
the  prifm,  and  will  therefore  go  on  between,  the      '^ 
lines  n  and  w,  will  be  of  a  very  bright  intenfe 
red  at  »,    degenerating  from  thence  gradually 
into  an  orange  colour,  as  they  are  nearer  the  line 
m :  the  next  will  be  of  a  fine  orange  colour  at 
i»,  and  from  thence  degenerate  into  a  yellow  co- 
lour toward  /:  at  /  they  will  be  of  a  fine  yellown 
which  will  incline  toward  a  green,    more  and 
more,  as  they  are  nearer  and  nearer  k:  ztk  they 
will  be  a  pure  green,  but  from  thence  toward  i 
they  will  incline  gradually  to  a  blue :  at  /  they 
will  be  a  perfeft  blue,  inclining  to  an  indigo  co- 
lour from  thence  toward  ^fr :  at  h  they  will  be 
quite  the  colour  of  indigo,  which  will  gradually 
change  toward  a  violet,  the  nearer  they  are  to 
g :  and  at  g  they  will  be  of  a  fine  violet  colour, 
which  will  incline   gradually  to  a  red  as  they 
come  nearer  to  f    where  the  coloured  image 
ends. 

There  is  not  an  equal  quantity  of  rays  in  each 
of  thefe  colours ;  for,  if  the  oblong  image  pq 
be  divided  into  360  equal  parts^  tt^  red  fpace  % 
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R  will  take  up  45  of  thefe  parts ;  the  orange  O, 
ay ;  thr  yellow  T^  48  ;  the  green  G,  60 ;  the 
blue  B^  60  ;  the  indigo  ly  40  ;  and  the  violet  V^ 
80 ;  all  which  fpaces  are  as  nearly  proportioned  in 
the  figure  as  the  fniall  fpace  /^  would  admit  of. 

If  all  thefe  colours  be  blended  together  again^ 
they  Will  make  a  pure  white ;  as  is  proved  thus. 
Take  away  the  paper  on  which  the  colours  pq 
fell,  and  place  a  large  convex  glafs  D  in  the  rays 
fjgyby  &rc.  which  will  refraft  thenn  fo,  as  to  make 
them  unite  and  crofs  each  other  at  iV^y  where,  if 
a  white  paper  be  placed  to  receive  therrij  they 
will  excite  the  idea  of  a  IVrong  lively  white.  But 
if  the  paper  be  placed  farther  from  the  glafs,  as 
at  rsy  tlie  different  colours  will  appear  again  upon 
it,  in  an  inverted  order,  oceafioned  by  the  rays 
CI  offing  at  M\ 

As  white  is  a  connpofition  of  all  colours,  (b 
black  is  a  privation  of  them  all,  and^  therefore, 
properly  no  colour. 
Fig.  6,         Let  two  concentric  circles  be    drawn  on  a 
llfiooth  round  board  A  B  C  D  E  F  Gy  and  the 
outermoft  of  them  divided  into  360  equal  parts 
or  degrees:  then,  draw-feven  right  lines,  as  G  y/, 
O  By  &CC,  from  the  center  to  the  outermoft  circle; 
making  the  lines  O  A  and  O  B  include  80  de- 
grees of  that  circle ;  the  lines  O  B  and  O  C40 
degrees ;   O  C  and  O  D  60;   O  D  and  OE  60 ; 
O  £  and  G  F48  ;  G  Fand  G  G  27  ;  oGandoA 
45.     Then,  between  thefe  two  circles,  paint  the 
fpace  AG  red,  inclining  to  orange  near  G;  GF 
orange,  inclining  to  yellow  near  F;  FE  yellow, 
inclinuig  to  green  near Ei  ED  green,  inclining 
to  blue  near  D ;  D  C  blue,  inclining  to  indigo 
near  C;  CB  indigo,  inclining  to  violet  near  5  ^ 
and  B  A  violet,  inclining  to  a  foft  red  near  A. 
This  done,  paint  all  that  part  of  the  board  black 

which 


Of  optics.  "04.5 

which  lies  within  the  inner  circle ;  and  putting  AH  the 
an  axis  through  the  center  of  the  board,  let  it  pn^n^atic 
be  turned  very  fwiftly  round  that  axis,  fo  as  the  bhinded 
rays  proceeding  from  the  above  colours,  nnay  be  together, 
all  blended  and  mixed  together  in  coming  to  make  a 
the  eye ;  and  then,  the  whole  coloured  part  will  whuc. 
appear  like  a  white  ring,  a  little  greyifh ;  not 
perfedly  white,  becaufe  no  colours  prepared  by 
art  are  perfeft. 

Any  of  thefe  colours,  except  red  and  violet, 
may  be  made  by  mixing  together  the  two  con- 
tiguous prifmatic  colours.  Thus,  yellow  is  made 
by  mixing  together  a  due  proportion  of  orange 
and  green  ;  and  green  may  be  made  by  a  mix- 
ture of  yellow  and  blue. 

All  bodies  appear  of  that  colour,  w|iofe  rays 
they  refleft  moft ;  as  a  body  appears  red  when 
it  reflefts  mod  of  the  red -making  rays,  and  ab- 
forbs  the  reft. 

Any  two  or  more  colours  that  are  quite  tranf-  Tranfpi- 
parent  by  themfelves,  become  opake  when  put  rem  co- 
together.     Thus,  if  water  or  fpirits  of  wine  be  ^*^""  ^' 
tinged  red,  and  put  in  a  phial,  every  objeil  feen  opTke, 
through  it  will  appear  red ;  becaufe  it  Jets  only  if  put'io* 
the  red  rays  pafs  through  it,  and  flops  all  the  gethcr. 
reft.     If  water  or  fpirits  be  tinged  blue,  and  put 
in  a  phial,  all  objeds  feen  through  it  will  appear 
blue,  becaufe  it  tranfmits  only  the  blue  rays,  and 
flops  all  the  reft.     But  if  thefe  two  phials  are 
held  clofe  togeriier,  fo  as  both  of  them  may  be 
between  the  eye  and  objcft,  the  objeft  will  no 
more  be  feen  through  them  than  through  a  plate 
of  metal;    for  whatever   rays  are    tranfmitted 
through  the  fluid  in   the  phiul  r^xt  the  o^jeft, 
are  ftopped  by  that  in  the  phial  next  the  eye. 
In  this  experiment,  the  phials  ought  not  to  be 
round,   but  fquare;    becaufe   nothing  but  the 
R  2  light 
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flefl:cd  from  the  point  d  of  the  drop,  it  goes  on  in 
the  drop  to  e^  where  it  paffes.  out  of  the  drop  into 
the  air,  and  is  there  refraded  downward  to  the 
eye,  in  the  diredion  ef. 


L  E  C  T.     VIII.    AND    IX, 

The  dcfcription  and  ufe  of  the  globes,  and  armillary 
fphere. 

IF  a  map  of  the  world  be  accurately  delineated  The  /^r- 
on  a  Ipherical  ball,  the  furface  thereof  will  ^^^^ 
rcpreferif  die  fbrfaee  of  the  earth  s  for  the  higheft^  *  * 
bills  are  fo  ihconfiderable  with  refpeft  to  the  bulk 
of  the  earth,  that  they  take  off  no  more  from  its 
roundnefs,  than  grains  of  fand  do  from  the  rounds 
nels  of  a  common  globe;  for  the  diameter  of 
the  earth  is  8cxx)  miles  in  round  numbers,  and 
no  known  hill  upon  it  is  three  miles  in  perpendi- 
cular height. 

That  the  earth  is  fpherical,  pr  round  like  a  Proof  of 
globe,  appears,    i.  From   its   calling   a  round  ^'^^^ 
Ihadow  upon  the  moon,  whatever  fide  be  turned  ^^l^^^ 
toward  her  when  Ihe  is  eclipfed.     2.  From  its  globular, 
having  been   failed   round   by  feveral   perforis. 
3.  From  our  feeing  the  farther,  the  higher  we 
ftand.     4.  From  our  feeing  the  mafts  of  a  (hip^ 
while  the  hull  is  hid  by  the  convexity  of  the . 
water.  And  that 

The  attraftive  power  of  the  earth  draws  alii: may  be 
terreftrial  bodies  toward  its  center];    as  is  evi- P*^^P[^i|. 
dent  from  the  defcent  of  bodies  in  lines  pcrpen-  ^" fhoic*^' 
dicular   to  the  earth's    furface,    at  the  places  a^y  one's 
whereon  they  fall;  even  when  they  aie  thrown bMng in 
off  from  the  earth  on  oppofite  fides,  and  con- ^*|"8*''' ^f 
^ucntly,  in  oppofite  direftions.     So  that  the^^y^f^J^ 
R  3  pardi  it. 
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earth  may  be  coni pared  to  a  great  magnet  rollctl 
in  filings  of  fteel,  which  attrafts  and  keeps  them 
equally  faft  to  its  farface  on  all  fides.  Hence, 
as*  all  terreftrial  bodies  are  attrafted  toward  the 
earth's  centerj  they  can  be  in  no  danger  of  faik 
ing  from  any  fide  of  the  earth,  more  than  from 
any  other. 

The  heaven  or  fky  furrounds  the  whole  earch  r 
0>  and  and  when  we  fpeak  of  up  or  d^an^  we  mean  only 
W#w«,  i^ith  regard  to  ourfelvcs ;  for  no  pointj  either 
^  in  the  heaven,  or  on  the  furface  of  the  earth,  is 

a^ove  or  hk'w,  but  only  with  refpeft  to  ourfelves* 
And  let  us  be  upon  what  part  of  the  earth  we 
will^  we  ft  and  with  our  feet  toward  its  center, 
and  our  heads  toward  the  fky ;  and  fo  we  fay^ 
it  is  ui)  toward  the  fky,  and  down  toward  the  cen- 
ter ot  the  earth. 

To  an  obferver  placed  any  where  in  the  in- 
Aflob-  definite  fpace,  where  there  is  nothing  to  limit 
■^t^V"  ^^^  view,  all  remote  objefts  appear  equally 
vcn  ap-*  diftant  from  him  j  and  feem  to  be  placed  in  a 
pcarc-     vaft   concave  fphcre,   of  which  his  eye  is  the 

Jually      center.      Every    aftronomer    can    demonftrate, 
^^P^*     that  the  moon  is  much  hearer  to  us  than  the  fun 
is ;    that  fome   of  the  planets    are  fometimes 
nearer  to  us,    and  fometimes  farther  from  us, 
than  the  fun;  that  others.of  therrrneyer  come  fo 
near  us  as  the  fun  always  is ;  that  the  remoteft 
planet   in   our    fyftem,    is   beyond    comparifon 
nearer  to  us  than  any  of  the  fixed  ftars  are  -,  and 
that  it  is  highly  probable  fome  ftars  are,  in  a 
inanner,    infinitely  more  diftant  from   us  than 
others;    and  yet  all  thefe  celeftial  objefts  ap- 
pear-equally ^iftant  from  us.     Therefore,  if  we 
The  face  jn^^gjnc  a  large  hollow  fphere  of  glafs  to  have 
heaven     ^    many   bright  ftuds  fixed    to   its   infide,    as 
^ni  car^lj  there  vc  ftars  vifible  in  the  heayen,  and  thefe 

ftuds. 
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ftuds  to  be  of  different  magnitudes,  and  placed  reprereot- 
ac  the  fanric  angular  diftances  from  each  other  ^^  ^"  .^ 
as  the  ftars^  are ;  the  fphere  will  be  a  true  re-  °^^^*^^'*^- 
prefentation  of  the  ftarry  heaven,  to  an  eye  fup- 
pofed  to  be   in  its  center,    and  viewing  it  all 
around.     And  if  a  fmall  globe,  with  a  map  of 
the  earth  upon  it,  be  placed  on  an  axis  in  the 
center  of  this  ftarry  fphere,  and  the  fphere  be 
made  to  turn  round  on  this  axis,  it  will  repre- 
fent  the  apparent  motion  of  the  heavens  round 
the  earth. 

If  a  great  circle  be  fo  drawn  upon  this  fphere, 
as  to  divide  it  into  two  equal  parts,  or  hemi-  ^ 

fpheres,  and  the  plane  of  the  circle  be  perpen- 
dicular to  the  axis  of  the  fphere,  this  circle  will 
rcprefent  the  equinoStialy  which  divides  the  hea-  The  equU 
ven  into  two  equal  parts,  called  the  northern  and  «^^'«^- 
th^/outhern  hemiffheres ;  and  every  point  of  that 
circle  will  be  equally  diftant  from  the  poles,  or  T)itfoUs. 
ends  of  the  axis  in  the  fphere.     That  pole  which 
is  in  the  middle  of  the  northern   hemifpherc, 
will  be  called  the  north  pole  of  the  fphere y  and 
that  which  is  in  the  middle  of  the  fouthern  he- 
mifpherc, the  foutb  pole. 

If  another  great  circle  be  drawn  upon  the 
iphere,  in  fuch  a  manner  as  to  cut  the  equinoc- . 
tial  at  an  angle  of  23^  degrees  in  two  oppofite' 
points,  it  will  reprefent  the  ecliptic y  or  circle  of  The/J/>- 
the  fun's  apparent  annual  motion  :  one  half  of  ^'V« 
which  is  on  the  north  fide  of  the  equinoftial,  and 
the  other  half  on  the  fouth. 

If  a  large  ftud  be  made  to  move  eaftward  in 
this  ecliptic,  in  fuch  a  manner  as  to  go  quite 
round  it,  in  the  time  that  the  fphere  is  turned 
round  weftward  366  times  upon  its  axis;  this 
ftud  will  reprefent  the  fun,  changing  his  place  The/un. 
every  day  a  365th  part  of  the  ecliptic ;  and 
R  4  going 
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going  round  weftward^  the  fame  way  as  t))o 
ftars  do ;  but  with  a  motion  fo  much  flower  than 
the  motion  of  the  ftars,  that  they  will  make  366 
revolutions  about  the  axis  of  the  fphere^  in  the 
time  that  the  fun  makes  only  365.  During  one 
half  of  thefe  revolutions,  the  fun  will  be  on  the 
north  fide  of  the  equinodial ;  during  the  other 
half,  on  the  fouth :  tod  at  the  end  of  each  hal^ 
in  the  equinodial. 
The  If  we  fuppofe  the  terreftrial  globe  in  this  mar 

^■'^**'  chine  to  be  about  one  inch  in  diameter,  and  the 
diameter  of  the  ftarry  fphere  to  be  about  five 
or  fix  feet,  a  fmaU  infeft  on  the  globe  would  fee 
only  a  very  little  portion  of  its  furfacc ;  but  it 
would  fee  one  half  of  the  ftarry  fphere  j  the  con- 
vexity of  the  globe  hiding  the  other  half  from  its 
The  ap-  view.  If  the  fphere  be  turned  weftward  round 
parent  i^^^  globe,  and  the  infed  could  jud^e  of  the  ap- 
bTihe^  P^iir^inces  which  arife  from  that  motion,  it  would 
heavens,  fcc  fome  ftars  rifing  to  its  view  in  the  eaftem 
fide  of  the  fphere,  while  others  were  fetting  on 
the  weftern  :  but  as  all  the  ftars  are  fixed  to  the 
sphere,  the  fame  ftars  would  always  rife  in  the 
fame  points  of  view  on  the  eaft  fide,  and  fet  in 
the  fame  points  of  view  on  the  weft  fide.  With 
the  fun  it  would  be  otherwife,  becaufe  the  fun 
is  not  fixed  to  any  point  of  the  fphere,  but 
moves  flowly  along  an  oblique  circle  in  it.  And 
if  the  infcft  fliould  look  toward  the  fouth,  and 
call  thit  point  of  the  globe,  where  the  equi- 
noftial  in  the  fphere  feems  to  cut  it  on  the  left 
fide,  the  eafi  point ;  and  where  it  cuts  the  globe 
on  the  right  fide,  the  weji  point ;  the  little  ani- 
mal would  fee  the  fun  rife  north  of  the  eaft,  and 
fet  north  of  the  weft,  for  1824-  revolutions; 
after  which,  for  as  many  more,  the  fun  would 
rife  fouth   of  the  eaft,    and   fet  fouth  of  the 

weft. 


Of  the  Heavefts  and  the  Earth.  45 1 

weft.  And  in  the  whole  365  revolutions,  the 
fun  would  rife  only  twice  in  the  eaft  point,  and 
fet  twice  in  the  weft.  All  thefe  appearances  would 
be  the  fame,  if  the  ftarry  fphere  ftood  ftill  (the 
fun  only  moving  in  the  ecliptic)  and  the  earthly 
globe  were  turned  round  the  axis  of  the  fphere 
eaftward.  For,  as  the  infeft  would  be  carried 
round  with  the  globe,  he  would  be  quite  infen- 
fible  of  its  motion ;  and  the  fun  and  ftars  would 
appear  to  move  weft  ward. 

IVe  are  but  very  fmall  beings  when  compared 
with  our  earthly  globe,  and  the  globe  it/elf  is  but 
a  dimenfionlefs  point  compared  with  the  mag* 
nitude  of  the  ftarry  heavens.  Whether  the 
earth  be  at  reft,  and  the  heaven  turns  round  it, 
or  the  heaven  be  at  reft,  and  the  earth  turns 
round,  the  appearance  to  us  will  be  exaftly  the 
fame.  And  becaufe  the  heaven  is  fo  immenfely 
large,  in  comparifon  of  the  earth,  we  fee  one 
half  of  the  heaven  as  well  from  the  earth's  fur- 
face,  as  we  could  do  from  its  center,  if  the 
limits  of  our  view  are  not  intercepted  by 
hills. 

We  may  imagine  as  many  circles  defcribed  Circles  0/ 
upon  the  earth  as  we  pleafe  \  and  we  may  ima-  iht/fbm. 
gine  the  plane  of  any  circle  defcribed  upon  the 
earth  to  be  continued,  until  it  marks  a  circle  in 
the  concave  fphere  of  the  heavens. 

The  horizon  is  either  Jenfible  or  rational.  The  The  i«. 
Jenfible  horizon  is  that  circle,  which  a  man  ftand-  riwm. 
ing  upon  a  large  plane,  obferves  to  terminate  his 
view  all  around,  where  the  heaven  and  earth  fcem 
to  meet.  The  plane  of  our  fenfible  horizon  con- 
tinued to  the  heaven,  divides  it  into  two  hemif- 
pheres  j  one  vifible  to  us,  the  other  hid  by  the 
convexity  of  the  earth.   ' 
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'  The  plane  of  the  raiionai  boriz&n^  is  fuppofed 
parallel  to  the  plane  of  the  fcnfiblej  to  pafe 
,  through  the  center  of  the  earthy  and  to  be 
continued  to  the  heavens.  And  although  the 
plane  of  the  fentlble  horizon  touches  the  earth 
in  the  pljce  of  the  obferver,  yet  thh  plajie^ 
apd  that  of  the  rational  horizon,  will  ftem  to 
coincide  in  the  heaven,  becaufe  the  whole  earth 
is  but  a  point  compared  to  the  fpherc  of  the 
heaven. 

The  earth  being  a  fphcrical  body«  the  horizon^ 
or  limit  of  oui^  view^  muft  change  as  we  change 
our  place. 

P#/«.  The  poles  of  the  earthy  are  thofe  two  points  on 

its  furface  in  which  its  axis  terminates.      The 
one  is  called  tht. north  foUy  and  the  other  the 
Joutb  pole. 

The  poles  of  the  heaven^  are  thofe  two  points 
in  which  the  earth's  axis  produced  terminates  in 
the  heaven  :  fo  that  the  north  pole  of  the  heaven 
is  direftly  over  the  north  pole  of  the  earth ;  and 
the  fouth  pole  of  the  heaven  is  diredly  over  the 
fouth  pole  of  the  earth. 

gfudifir.  The  equator  is  a  great  circle  upon  the  earth, 
every  part  of  which  is  equally  diftant  from  either 
of  the  poles.  It  divides  the  earth  into  two  equal 
parts,  called  the  northern  and/outhem  hemifpheres^ 
If  we  fuppofe  the  plane  of  this  circle  to  be  ex-r 
tended  to  the  heaven,  it  will  mark  the  equinoSial 
therein,  and  will  divide  the  heaven  into  two  equal 
parts,  called  the  northern  and  font  hem  hemtfpheres 
of  the  heaven. 

Utridian.  The  meridian  of  any  place  is  a  great  circle 
paffing  through  that  place  and  the  poles  of  the 
earth.  We  may  imagine  as  many  fuch  meri- 
dians as  we  pleafe^  becaufe  any  place  that  is 

ever 
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tvtx  fo  little  to  the  eaft  or  weft  of  any  other  place, 
has  a  different  meridian  from  chat  place  \  for  no 
one  circle  can  pafs  through  any  two  fuch  places 
and  t  ie  polco  of  the  earth.  *• 

Tiie  me>\dian  of  any  place  is  divided  by  the 
poles,  iiUv>  two  femicircies :  that  which  paffes 
througn  t  e  place  15  called  rhe  geog-aphical  ox  up^ 
pe^  m'rdian\  an  i  t.iac  w.iicii  paifjs  through  the 
opp  ).'it^  pl.ict,  i5  ca'Jed  the  tower  meridian. 

vv  iiei)    tiic   rotaaoii  of  the  earth  brings  theiVo»»an4^ 
p!a  le  of  tiie  i^t  )grap.iicai  meridian  to  the  fun, '»'^-*'i^* 
it  u  noon  or  mid-day  to  chat  place;  and  when 
our  lower  mciidian  comes  to  the  fun,  it  is  mid^      ' 
ni^ot. 

All  places  lying  under  the  fame  geographical 
meridian,  have  their  noon  at  the  fame  ame,  and 
confequently*  all  the  othfr  hours.  All  thofe 
places  are  faid  to  have  the  fame  longitude^  becaufe 
ho  one  of  them  lies  either  eaftward  or  wcftward 
from  any  or  the  reft. 

If  we  imagine  24  femicircies,  one  of  which  is  Hour  dr* 
the  geographical  meridian  of  a  given  place,  to  ^^'• 
meet  at  the  poles,  and  to  divide  the  equator  into 
^4  equal  parts ;  each  of  thefe  meridians  will 
come  round  to  the»fun  in  24  hours,  by  the  earth's 
equable  motion  round  its  axis  in  that.time.  And, 
as  the  equator  contains  360  degrees,  there  will 
be  15  degrees  contained  between  any  two  of  thefe 
meridians  which  are  neareft  to  one  another :  for 
24  times  15  is  360.  And  as  the  earth's  motion 
is  eaftward,  the  fun's  apparent  motion  will  be 
weftward,  at  the  rate  of  15  degrees  each  hour. 
Therefore, 

They  whofe  geographical  meridian  is  15  dc-  Longitudi. 
jgrees  eaftward  from  us,  have  noon,  and  every 
pther  hour,  a  hour  fooner  than  we  have.     They 
whofc  meridian  is  fifteen  degrees  weftward  from 

vs, 
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\js,  have  noon,  and  every  other  hour,  a  hour 
later  than  we  have :  and  fo  on  in  proportion, 
reckoning  one  hour  for  every  fifteen  degrees. 

As  the  earth  turns  round  its  axis  once  in  24 
hotirSi  and  fhcws  itfelf  all  round  to  the  fun  in 
that  time  5  fo  it  goes  round  the  fun  once  a  year, 
in  a  great  circle  called  the  ecliptic^  which  croflrs 
the  equinoctial  in  two  oppolitc  points^  niaking 
an  angle  of  23 1  degrees  with  the  equinoctial  on 
each  fide.  So  that  one  half  of  the  ecliptic  is  in 
the  northern  hemifphere^  and  the  other  in  the 
fouthern.  It  contains  360  equal  pans,  called 
degrees  (as  aU  other  circles  do>  whether  great 
or  fiiiall)  and  as  the  earth  goes  once  round  it 
every  year,  the  fun  will  appear  to  do  the  fame, 
changing  his  place  almoft  a  degree,  at  a  mean 
rate,  every  24  hours.  So  that  whatever  place^ 
or  degree  of  the  ecliptic,  the  earth  is  in  at  any 
time,  the  fun  will  then  appear  in  the  oppofite. 
And  as  one  half  of  the  ecliptic  is  on  the  nortn 
fide  of  the  equinodlial,  and  the  other  half  on  the 
fouth  i  the  fun,  as  feen  from  the  earth,  will  be 
half  a  year  on  the  fouth  fide  of  the  equinoftial, 
and  half  a  year  on  the  north ;  and  twice  a  ye^ 
ia  the  equinoftial  itfelf. 
Si^s  and  The  ecliptic  is  divided  by  aftronomers  into  la 
dignes.  equal  parts,  called  ^^j,  each  fign  into  jp  d^ees 
and  each  degree  into  60  minutes :  but  in  ufing  the 
globes,  we  feldom  want  the  fun^s  place'  nearer 
than  half  a  degree  of  the  truth.^ 

The  names  and  charadters  of  the  i  a  figns  arc 
as  follow;  beginning  at  that  point  of  the  eclip- 
tic where  it  croflfes  the  equinoftial  to  the  north-* 
ward,  and  reckoning  eaftward  round  to  the  fame 
point  again.  And  the  days  of  the  months  oit 
-  which  the  fun  now  enters  the  figns,  are  fet  down 
below  them* 

Jb'ies^ 
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By  remembering  on  what  day  the  fun  enters 
any  particular  fign,  we  may  eafUy  find  his  place 
any  day  afterward,  while  he  is  in  that  fign,  by 
reckoning  a  degree  for  each  day;  which  will 
occafion  no  error  of  confequence  in  ufing  the 
globes. 

When  ^he  fon  is  at  the  beginning  of  yfriesy 
he  is  in  the  equino£Hal ;  and  from  that  time  he 
declines  northward  every  day,  until  he  comes 
to  the  beginning  of  Cancer,  which  is  23 1  de- 
gree^rom  the  equinoftical :  from  thence  he  re- 
cedewfouthward  every  day,  for  half  a  year  j  in 
the  middle  of  which  half,  he  croffes  the  equi- 
no6tial  at  the  beginning  of  LOn-ay  and  at  th^ 
end  of  that  half  year,  he  is  at  his  greateft  fouth 
declination,  in  the  beginning  of  Capricorny  which 
is  alfo  23  f  degrees  from  the  equinoftial.  Then, 
he  returns  northward  from  Capricorn  every  day, 
for  half  a  year ;  in  the  middle  of  which  half,  he 
croffes  the- equinoftial  at  the  beginning  o{  Aries; 
and  at  the  end  of  it  he  arrives  at  Cancer. 

The 
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The  fun's  motion  in  the  ecliptic  is  not  pef- 
fcftly  equable,  for  he  continues  eight  days 
longer  in  the  northern  half  of  the  ecliptic,  than 
in  die  fouthern :  fo  that  the  fummer  half  year, 
in  the  northern  hemifpherej  is  eight  days  longer 
than  the  winter  half  year  j  and  the  contrary  in 
the  fouthern  hciuilplicre. 
Tnties*  The  tropics  arc  leffer  circles  in  the  heaven, 
parallel  to  the  eqtiinodtial  ^  one  on  each  fide  of 
It,  touching  the  ecliptic  in  the  points  of  its 
greateft  declination ;  fo  that  each  tropic  is  2j} 
degrees  from  the  equinoftial,  one  on  the  north 
fide  of  it,  and  the  other  on  the  fouth.  The 
northern  tropic  touches  the  ecliptic  at  the  -be- 
ginning of  Cancer^  the  fouthern  at  the  beginning 
of  Capricorn  \  for  which  reafon  the  formei"  is 
called  the  tropic  of  Cancer y  and  the  latter  the  tropic 
of  Capricorn. 
Polar  The  polar  circles  in  the  heaven,  are  each  23  J 

arcUs.  degrees  from  the  poles,  all  around.  That  which 
goes  round  the  north  pole,  is  called  the  ar£ti€ 
circle,  from  cc^xlo^,  which  fignifies  a  tear ;  there 
being  a  coUeftion  or  groupe  of  ftars  near  the 
north  pole,  which  goes  by  that  name.  The  fouth 
polar  circle,  is  called  the  antar£lic  circle,  from  its 
being  oppofite  to  the  arftic. 
.  1  he  ecliptic,  tropics,  and  polar  circles,  are 
drawn  upon  the  terreftrial  globe,  as  well  as  upon 
the  celeftial.  But  the  ecliptic,  being  a  great 
fixed  circle  in  the  heavens,  cannot  properly  be 
faid  to  belong  to  the  terreftrial  globe ;  and  is 
laid  down  upon  it  only  for  the  conveniency  of 
folving  fome  problems.  So  that,  if  this  circle  on 
the  terreftrial  globe  was  properly  divided  into  the 
months  and  days  of  the  year,  it  woyld  not  only 
fuit  the  globe  better,  but  would  alfo  make  the 
problems  thereon  much  eafier. 

In 


Of  tht  tJea^ens  and  the  EartbJ^  157 

In  order  to  form  a  true  idea  of  the  earth's 
motion  round  its  axis  every  24  hours,  which  is 
the  caufe  of  day  and  night ;  and  of  its  motion 
in  the  ecliptic  round  the  fun  every  year,  which 
is  the  caiife  of  the  different  lengths  of  days  and 
nights,  and  of  the  viciffitude  of  feafons ;  take  the 
following  method,  which  will  be  both  eafy  and 
pleafant. 

Let  a  fmall  terreftrial  globe,  of  about  three  An  idoi 
inches  diameter,  be  fufpended  by  a  long  thread  ^^  ^^« 
of  twilled. filk,  fixt  to  its  north  pole:  then  hav- ^^^^^^ 
ing  placed  a  lighted  candle  on  a  table,  to  repre- 
fent  the  fun,  in  the  center  of  a  hoop  of  a  large 
c^,  which  may  reprefent  the  ecliptic,  the  hoop 
making  an  angle  of  234-  degrees  with  the  plane 
of  the  table;  hang  the  globe  within  the  hoop 
near  to  It;  and  if  the  table  be  level,  the  equa« 
tor  of  the  globe  will  be  parallel  to  the  table, 
and  the  plane  of  the  hoop  will  cut  the  equator 
at  an  angle  of  23 1  degrees;  fo  that  one  half  of 
the  equator  will  be  above  the  hoop»  and  the 
other  half  below  it :  and  the  candle  will  enlighten 
one  half  of  the  globe,  as  the  fun  enlightens  one 
half  of  the  earth,  while  the  other  half  is  in  the 
dark.  t 

Things  being  thus  prepared,  twift  the  thread 
toward  the  left  hand,  that  it  may  turn  the 
globe  the  fame  way  by  untwifting ;  that  is,  from 
weft,  by  fouth,  to  eaft.  As  the  globe  turns 
round  its  axis  or  thread,  the  different  places  of 
its  furface  will  go  regularly  through  the  light 
and  dark ;  and  have,  as  it  were,  an  alternate 
return  of  day  and  night  in  each  rotation.  As 
the  globe  continues  to  turn  round,  and  to  fhew 
itfelf  all  around  to  the  candle,  carry  it  flowly 
round  the  hoop  by  the  thread,  from  weft,  by 
fouth,  to  eaft  j  which  is  the  way  that  the  earth 
7  .^  moves 


0/  tbi  Hm'Dms  and  tbi  Earth* 


4 


moves   round    the   fun,   once  a   year,  in    the 
ecliptic :  and  you  will  kc,  that  while  the  globe 
continues  in  the  lower  part  of  the  hoop,  the  can- 
dle (being  then  north  of  the  equator)  wiU  con- 
ftantly  fhine  round  the  north  pole  j  and  all   the 
northern  places  which  go  through  any  part  of 
die  dark,  will  go  through  a  leis  portion  of  it  than 
they  do  of  the  light}  and  the  more  fo,  the  far^ 
ther  they  are  from  the  equator:    confequently, 
their   days  are   then   longer  than  their  nights. 
When  the  globe  comes  to  a  point  in  the  hoop, 
mid- way  between  the  higheft  and  loweft  points, 
the  candle  will  be  direftly  over  the  equatorj  and 
will  enlighten  the  globe  juft  from  pole  to  pole ; 
and    then    every  place    on  the   globe  will    go 
through  equal  portions  of  light  and  darkne&, 
» it  runs  round  its  axis ;  and  confequently,  the 
day  and  night  will  be  of   equal  length  at  all 

J  places  upon  it.  As  the  globe  advances  thencc- 
brward,  toward  the  higheft  part  of  the  hoop, 
the  candle  will  be  on  the  fouth  fide  of  the  equa- 
tor, ftiining  farther  and  farther  round  the  fouth 
pole,  as  the  globe  rifes  higher  and  higher  in  the 
hoop  5  leaving  the  north  pole  as  much  in  dark- 
nefs,  as  the  fouth  pole  is  then  in  the  light,  and 
making  long'days  and  Ihort  nights  on  the  fouth 
fide  of  the  equator,  and  the  contrary  on  the 
north  fide,  while  the  globe  continues  in  the 
northern  or  higher  fide  of  the  hoop :  and  when 
it  comes  to  the  higheft  point,  the  days  will  be  at 
the  longeft,  and  the  nights  at  the  ihorteft,  in  the 
fouthern  hemifphercj  and  the  reverfc  in  the 
northern.  As  the  globe  advances  and  defcends 
in  the  hoop,  the  light  will  gradually  recede  from 
the  fouth  pole,  and  approach  toward  the  north 
pole,  which  will  caufe  the  northern  days  to 
lengthen,   and  the  fouthern  days  to  fhorten  in 

the . 
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the  fame  proportion.  When  the  globe  comes  td 
the  middle  point,  between  the  higheft  and  lowed 
points  of  the  hoop,  the  candle  will  be  over  the 
equator,  enlightening  the  globe  juft  from  pole 
to  pole,  when  every  place  of  the  earth  (except 
the  poles)  will  go  through  equal  portions  of 
light  and  darknefsj  and  confequently,  the  day 
and  night  will  be  then  equd,  all  over  the 
globe. 

And  thus,  at  a  very  fmall  expence,  one  may 
have  a  delightful  and  demonftrative  view  of  the 
caufe  of  days  and  nights,  with  their  gradual  in- 
creafe  and  decreafe  in  length,  through  the  whole 
year  together,  with  the  viciffitudes  of  Ipring, 
iummer,  autumn,  aad  winter,  in  each  annual 
courfe  of  the  earth  round  the  fun. 

If  the  hoop  be  divided  into  12  equal  parts, 
and  the  figns  be  marked  in  order  upon  it,  be-» 
ginning  with  Cancer  at  the  higheft  point  of  the 
hoop,  and  reckoning  eaftward  (or  contrary  to 
the  apparent  motion  of  the  fun)  you  will  fee 
how  the  fun  appears  to  change  his  place  evd^y 
day  in  the  ecliptic,  as  the  globe  advances  eaft- 
ward along  the  hoop,  and  turns  round  its  own 
axis  :  and  that  when  the  earth  is  in  a  low  fign, 
as  at  Capricomj  the  fun  muft  appear  in  a  high 
fign,  as  at  Cancer,  oppofite  to  the  earth's  real 
place:  and  that  while  the  earth  is  in  the 
fouthern  half  of  the  ecliptic,  the  fun  appears  in 
the  northern  half,  and  viceverfd:  that  the  far- 
ther any  place  is  from  the  equator,  between  it 
and  the  polar  circle,  the  greater  is  the  difference 
between  the  longeft  and  fhorteft  day  at  that 
place  J  and  that  the  poles  have  but  one  day  and 
one  night  in  the  whole  year. 

Thefe  things  premifed,  we  fhall  proceed  to 
the  defcription  and  ufe  of  the  terreftrial  globe, 

S  and 
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and  explain  the  geographical  terms  ts  they  occur 

in  the  problems. 

Thc//r-       This  globe  has  the  boundaries  of  land  and 

reftrial     water  laid  down  upon  it,  the  countries  and  king- 

f  ^'d!'  ^^"^^  dividtd  by  dots,  and  coloured  to  diftio^ 

guilh  them,    the  iflands  properly  fuuated,    the 

rivers  and  principal  towns  ioierted,  as  they  have 

been  afcertained  upon  the  earth  by  meafurement 

and  obfervation. 

The  equator,  ecliptic,  tropics,  polar  circles, 
and  meridians,  are  bid  down  upon  the  globe  in 
the  manner  already  defcribed.     The  ecliptic  is 
divided  into  12  figns,    and  each  fign  into  30 
degrees,    which    are  generally  fubdivided   into 
halves,  and  into  quarters  if  the  globe  is  large. 
Each  tropic  is  23^  degrees  from  the  equator, 
and  each   polar  circle    23^  degrees   from   its 
refpeftivc  poje.     Circles  are  drawn  parallel"  to 
the  equator,  at  every  ten  degrees  diftance  fixwn 
it  on  each  fide  to  the  poles :  thefe  circles  arc 
caUed  parallels  of  latitude.      On  large  globes 
there  are  circles  drawn  perpendicularly  through 
every  tenth  degree  of  the  equator,  interfering 
each  other  at  the  poles :  but  on  globes  of  or 
under  a    foot  diameter,   they  are   only  drawn 
through  every  fifteenth  degree  of  the  equator : 
thefe  circles  are  generally  called  meridians^  fbme- 
times  circles  oflongitude^  and  at  other  times  it^ivr. 
circles. 

The  globe  is  hung  in  a  brafs  ring,  called  the 
hrajen  meridian ;  and  turns  upon  a  wire  in  each 
pole  funk  half  its  thicknefs  into  one  fide  of  the 
meridian  ring:  by  which  means,  that  fide  of 
the  ring  divides  the  globe  into  two  equal  parts, 
called  the  eajiem  and  "ujejlern  bemifpberes ;  as  the 
equator  divides  it  into  two  equal  parts,  called  the 
northern  and  Jouthem  hemifpheres. ''  This  ring  is 

divided 
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divided  into  360  equal  parts  or  degrees,  on  the 
fide  wherein  the  axis  of  the  globe  turns.  One 
half  of  thefe  degrees  are  numbered,  and  reck- 
oned^ from  the  equator  to  the  poles,  where  they 
end  at  90 :  their  ufe  is  to  Ihew  the  latitudes  of 
places.  The  degrees  on  the  other  half  of  the 
meridian  ring  are  numbered  from  the  poles  td 
the  equator,  where  they  end  at  90 :  their  ufe  is 
to  Ihew  how  to  elevate  either  the  north  or  fouth 
pole  above  the  horizon,  according  to  the  latitude 
of  any  given  place,  as  it  is  north  or  fouth  of  the 
equator* 

The  braferi  meridian  is  let  into  two  notches 
made  in  a  broad  flat  ring,  called  the  wooden 
borizoriy  the  Upper  furface  of  which  divides  th6 
globe  into  two  equal  parts^  called  the  upper  and 
lower  bemtfpberes.  One  notch  is  in  the  north 
point  of  the  horizon,  and  the  other  in  the  fouth. 
On  this  horizoiv^re  feveral  concentric  circlcSi 
which  contain  the  months  and  days  of  the  year^ 
the  figns  and  degrees  anfwering  to  the  fun's  place 
for  each  month  and  day,  and  the  32  points  of  the 
compafs.-*--The  graduated  fide  of  the  brafs  rne-i 
ridian  lies  toward  the  eaft  fide  of  the  horizon^ 
and  fhould  Be  generally  kept  toward  the  perfon 
who  works  problems  by  the  globes. 

There  is  a  fmall  horary  circle^  fo  fijted  to  th^ 
north  part  of  rfie  brazen  meridian,  that  the  wird 
in  the  north  pole  of  the  globe  is  in  the  center 
of  that  circle;  and  on  the  wire  is  an  index^ 
which  goes  over  all  the  24  hours  of  the  circle, 
as  the  globe  is  turned  round  its  axis.  Some- 
times there  are  two  horary  circles,  one  between 
each  polfj  of  the  globe  and  the  brafen  meridian ; 
which  is  the  contrivance  of  the  late  ingenious 
Mr.  Jojeph  Harris y  mafter  of  the  Affay-office  in  th^ 
Tower  of  London  s  and  makes  it  very  convex 
S  2  niont 


;  462  7%i  ferrejlrial  Glche  de/crihJ* 


nient  for  putting  the  poles  of  the  globt  through 
the  horizon^  and  far  ckvating  the  pole  to  fmall 
latitudes,  and  declinations  of  the  fun  i  which 
cannot  be  done  where  there  is  only  one  horary 
circle  fixed  to  the  oocer  edge  of  the  br^fen  me- 
ridian. 

There  is  a  thin  flip  of  brafs,  called  the  qua- 
drmt  of  altitude^  which  is  divided  into  90  equal 
parts  or  degree.s  anfwering  exaftty  to  fo  many 
degrees  of  the  equator.  It  is  occafionally  fixed 
to  the  uppermoft  point  of  the  brafcn  meridian  by 
a  nuc  and  fcrew.  The  divifions  end  at  the  nut, 
and  the  quadrant  is  turned  round  upon  it. 

As  the  globe  has  been  feen  by  moft  people, 
and  upon  the  figure  of  which,  in  a  plate,  neither 
the  circles  nor  countries  can  be  properly  exprcflP- 
ed,  we  judge  it  would  fignify  very  little  to  refer 
to  a  figure  of  it  j  and  fhall  therefore  only  give 
Ibme  direftions  how  to  choofe  a  globe,  and  then 
defcribe  its  ufe. 
Direfti-        i.    See  that  the  papers  be  well  and  neatly 
^h*  ^T     V^^^^  ^^  ^^  globes,  which  you  may  know,  if 
of  £U)b«.  ^^^  ^^^^^  ^"^  circles  thereon  meet  exaftly,  and 
continue  all  the  way  even  and  whole ;  the  cir- 
cles not  breaking  into  feveral  arches,  nor  the 
papers  either  coming  (hort,  or  lapping  over  one 
another. 

1.  See  that  the  colours  be  tranfparent,  and  not 
laid  too  thick  upon  the  globe  to  hide  the  namc3 
of  places. 

3.  See  that  the  globe  hang  evenly  between 
the  brafen  meridian  and  the  wooden  horizon ; 
not  inclining  either  to  one  fide  or  to  the  other. 

4.  See  that  the  globe  be  as  clofe  to  the  hori- 
zon and  meridian  as  it  conveniently  may ;  other- 
wife,    you  will  be  too  much  puzzled   to   find 

againft 
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againft  what  part  of  the  globe  any  degree  of  the 
meridian  or  horizon  is. 

5.  See  that  the  equinoftial  line  be  even  with 
the  horizon  all  around,  as  the  north  or  fouth  pole 
is  elevated  90  degrees  above  the  horizon. 

6.  See  that  the  equinoftial  line  cuts  the  hori- 
zon in  the  eaft  and  weft  points,  in  all  elevations 
of  the  pole  fronn  o  to  90  degrees. 

7.  See  that  the  degree  of  the  brafen  meridian 
marked  with  o,  be  exaftly  over  the  equinoftial 
line  of  the  globe. 

8.  See  that  there  be  exaftly  half  of  the  brafen 
meridian  above  the  horizon ;  which  you  may 
know^  if  you  bring  any  of  the  decimal  divifions 
on  the  meridian  to  the  north  point  of  the  hori- 
zon, and  find  their  complement  to  90  in  the 
fouth  point. 

9.  See  that  when  the  quadrant  of  altitude  is 
placed  as  far  from  the  equator,  or  the  brafen 
meridian,  as  the  pole  is  elevated  above  the  hori- 
zon, the  beginning  of  the  degrees  c{  the  qua-  . 
drant  reaches  juft  to  the  plane  furface  of  the  ho- 
rizon. 

10.  See  that  while  the  index  of  the  hour- 
circle  (by  the  motion  of  the  globe)  pafles  from 
one  hour  to  another,  1 5  degrees  of  the  equator 
pafs  under  the  graduated  edge  of  the  brafen 
meridian. 

1 1.  See  that  the  wooden  horizon  be  made  fub- 
flantial  and  ftrong :  it  being  generally  obfervcd, 
that  in  moft  globes,  the  horizon  is  the  firft  part 
that  fails,  on  account  of  its  having  been  niade 
too  flight. 

In  ufing  the  globes,  keep  the  ea{>  fide  of  thf  Dlreu*- 
horizon  toward  you  (unlefs  your  problem  r**  ^ 
quires  the  turning  of  it)  wi. -H  fic'o   you  m.iy  .  ' 
Know  by  the  word  Eaft  upon  :  *"  horizon  -,  u. 
S  3  tht^ 
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then  you  have  the  graduated  fide  of  the  mtxU 
^ian  toward  you,  the  quadrant  of  altitude  before 
you,  arid  the  globe  divided  cxaftly  into  two 
equal  parts>  by  the  graduated  fide  of  the  me- 
):idian. 

In  working  fome  problems,  it  wiU  be  necef- 
fary  to  turn  the  whole  globe  and  horizon  about, 
that  you  may  look  on  the  weft  fide  thereof; 
which  turning  will  be  apt  to  jog  the  ball  fo,  as 
to  fhift  away  that  degree  of  the  globe  which 
was  before  fet  to  the  horizon  or  meridian :  to 
avoid  which  inconvenience,  you  may  thnift  In 
the  feather-end  of  a  quilt  between  the  ball  of 
the  globe  and  the  brafen  meridian  i  which,  with- 
put  hurting  the  ball,  will  keep  it  from  turning 
in  the  meridian,  while  you  turathe  weft  fide  of 
the  hprizop  toward  you, 

PROBLEM    I, 

31?  find  the  *  latitude  and  f  longitude  of  wiy  pveB 
plafe  upon  the  globe. 

Turn  the  globe  on  its  axis,  until  the  given 
place  comes  exadly  under  that  graduated  fide  of 

*  The  latitude  of  a  place  is  its  diflaocc  from  the  Miuir 
tOTj  and  is  north  or  fouth^  as  the  place  is  north  or  £>tttA  of 
the  equator.  Thofe  who  live  at  the  equator  have  no  lati? 
tude^  beca^^e  it  is  there  that  the  latitude  begins. 

t  The  longitude  of  a  place  is  the  number  of  degteei 
(reckoned  upon  the  equator)  that  the- meridian  of  the  f^ 
place  is  diilant  from  the  meridian  of  any  other  place  frooi 
which  we  reckon,  either  eallward  or  wellw^^*  for  i3o  de- 
grees, or  half  round  the  globe.  The  Britifh  reckon  the 
longitude-  from  the  meridian  of  London,  and  the  French 
from  the  meridian  of  Paris.  The  meridian  of  that  pUtop^ 
from  which  the  longitude  is  reckoned,  is  called  ibcfrj 
pridian.  The  places  upon  this  meridian  have  no  loogi- 
^ude^  becanfe  it  is  there  that  the  longitude  begins. 

the 
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the  brafen  meridian,  on  which  the  degrees  are 
numbered  from  the  equator ;  and  obferve  what 
degree  of  the  meridian  the  place  then  lies  under ;     . 
which  is  its  latitude,  north  or  fouth,  as  the  place 
is  north  or  fouth  of  the  equator. 

The  globe  remaining  in  this  pofition,  the  de- 
gree of  the  equator,  which  is  under  the  brafcn 
meridian,  is  the  longitude  of  the  place  (from 
the  meridian  of  London  on  the  Englijh  globes) 
which  is  eaft  or  weft,  as  the  place  lies  on  the 
caft  or  weft  fide  of  the  firft  meridian  of  the 
globe.— All  the  Atlantic  Ocean j  and  America^ 
is  on  the  weft  fide  of  the  meridian  of  London  i 
and  the  greateft  part  of  Europe^  and  of  Africa^ 
together  with  all  Afta^  is  on  the  eaft  fide  of  the 
meridian  of  London^  which  is  reckoned  the  firft 
meridian  of  the  globe  by  the  Britijh  geographers  • 
and  aftrohomers. 

PROBLEM     II.      ^ 

^e  longitude  and  latitude  of  a  place  being  given,  t$ 
find  that  place  on  the  globe. 

Look  for  the  given  longitude  in  the  equator 
(counting  it  eaftward  or  weftward  from  the  firft 
meridian,  as  it  is  mentioned  to  be  eaft  or  weft) 
and  bring  the  point  of  longitude  in  the  equator 
to  the  brafen  meridian,  on  that  fide  which  is 
above  the  fouth  point  of  the  horizon:  then 
cdunt  from  the  equator,  on  the  brazen  meridian, 
to  the  degree  of  the  given  latitude,  toward  the 
north  or  fouth  pole,  according  as  the  latitude  is 
north  or  fouth  j  and  under  that  degree  of  lati- 
tude on  the  meridian,  you  will  have  the  place 
required. 
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PROBLEM 


yj?  find  the  difference  qf  imtgifade,  &r  difference  &f 

laiiiiidi^  between  any  two  given  places^ 

Bring  each  of  thefe  places  to  tlie  brafen  me- 
ridian, and  fee  what  ixs  latitude  is :  the  lefler 
latitude  fubftrafted  from  tlie'  greater,  If  both 
places  are  on  the  fame  fide  of  the  equator,  or 
Doth  latitudes  added  together,  if  they  are  on 
different  fides  of  it,  is  the  difference  of  latitude 
required.  And  the  number  of  degrees  contained 
between  tliefe  places^  n^ckoned  on  the  equator, 
when  they  are  brought  feparately  under  the 
brafen  meridian,  is  their  difference  of  longitude; 
if  it  be  lefs  than  i8o:  but  if  more,  let  it  befub* 
ftrafted  from  360,  and  the  remainder  is  the  dif- 
ference of  longitude  required.     Or, 

Having  brought  one  of  the  places  to  the 
brafen  meridian,  and  fet  the  hour  index  to  XII, 
turn  the  globe  until  the  other  place  comes  to  the 
brafen  meridian,  and  the  number  of  hours  and 
parts  of  an  hour,  pad  over  by  the  index,  will 
give  the  longitude  in  time ;  which  may  be  eafily 
reduced  to  degrees,  by  allowing  15  degrees  for 
every  hour,  and  one  degree  for  every  four  mi- 
nutes. 

N.  B.  When  we  fpeak  of  bringing  any  place 
to  the  brafen  meridian,  it  is  the  graduated  ficje  of 
the  meridian  that  is  meant. 
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P  R  O  B  L  E  M    IV. 

jiny  place  being  given^  to  find  all  thoje  places  that 
have  the  fame  longitude  or  latitude  with  it. 

Bring  the  given  place  to  the  brafen  meridian, 
then  all  thofe  plcices  which  lie  under  that  fide  of 
the  meridian,  from  pole  to  pole,  have  the  fame 
longitude  with  the  given  place.  Turn  the  globe 
round  its  axis,  and  all  thofe  places  which  pafs 
under  the  fame  degree  of  the  meridian  that  the 
given  place  does,  have  the  fame  latitude  with 
jthat  place. 

Since  all  latitudes  are  reckoned  from  the 
equator,  and  all  longitudes  are  reckoned  from 
the  firft  meridian,  it  is  evident,  that  the  point  of 
the  equator  which  is  cut  by  the  firft  meridian,  has 
neither  latitude  nor  longitude. — The  greateft 
latitude  is  90  degrees,  becaufe  no  place  is  more 
than  90  degrees  from  the  equator.  And  the 
greateft  longitude  is  180  degrees,  becaufe  no 
place  is  more  than  1 80  degrees  from  the  firft 
meridian. 

PROBLEM    V. 

^ofind  the  antceci  *,  periceci  f ,  and  antipodes  J, 
of  any  given  place. 

Bring  the  given  place  to  the  brafen  meridian, 
and  having  found  its  latitude,  keep  the  globe  in 
that  fituation,   and  count  the  fame  number  of 

degrees 

*  The  antcect  are  thofe  people  who  live  on  tht  fame  me- 
ridian, and  in  equal  latitudes*  on  diiFerent  fides  of  the  equa- 
tor. Being  on  the  fame  meridian,  they  have  the  fame  hoars ; 
that  is,  when  it  is  noon  to  the  one,  it  is  alfo  noon  to  the 
other ;  and  when  it  is  mid-night  to  the  one,  it  is  alfo  mid- 
night to  the  other,  &c*  Being  on  different  fides  of  the  eqaa- 

tor. 
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degrees  of  latitude  from  the  equator  toward  the 
contrary  pole,  and  where  the  reckoning  ends, 
you  have  the  an/^d  of  the  given  place  upon  the 
^lobe.  Thofe  who  live  at  the  equator  have  no 
anlaci. 

The  globe  remaining  in  the  fame  pofition,  kt 
the  hour-index  to  the  upper  XII,  on  the  horary 
circle,  and  turn  the  globe  until  the  index  comes 
to  the  lower  XII I  then^  the  place  which  lies 
under  the  meridian,  in  the  fame  latitude  with 
the  given  placcj  is  the  period  required.  Thofe 
who  live  at  the  poles  have  no  permcL 

As  the  globe  now  (lands  (with  the  index  at  the 
Jower  XII)  the  anttpedes  of  the  given  place  will 
be  under  the  fame  point  of  the  br^en  meridian 
where  its  antocci  ftood  before.  Every  place  upon 
the  globe  has  its  antipodes. 

tor,  they  have  different  or  oppofitc  feafons  at  the  (ame 
time;  the  length  of  any  day  to  the  one  is  equal  to  the 
length  of  the  night  of  that  day  to  the  other;  and  they 
have  equal  elevations  of  the  different  poles. 

f  Theperiarci  are  thofe  people  who  live  on  the  fame  pa- 
rallel of  latitude,  bur  on  oppofite  meridians  :  fo  that  though 
their  latitude  be  the  fame,  their  longitude  differs  i8o  de- 
grees. By  being  in  the  fame  latitude,  they  have  equal  ele- 
vations of  the  fame  pole  (for  the  elevation  of  the  poleii 
always  equal  to  the  latitude  of  the  place)  the  fame  length 
of  days  or  nights,  and  the  fame  feafons.  But  being  on 
orpcfitc  meridians,  when  it  is  noon  to  the  one«  it  is  mid- 
nii»ht  to  the  other. 

I  The  antipodes  are  thofe  who  live  diametricaHy  oppo- 
fitc to  one  another  upon  the  globe,  Handing  with  feet  to- 
ward feet,  on  oppofite  meridians  and  parallels.  Being  on 
oppolite  fides  of  the  equator,  they  have  oppofite  feafons^ 
winter  to  one,  when  ic  is  fummer  to  the  other;  being 
cqui:lly  diftant  from  the  equator,  they  have  their  contrary 
poles  equally  elevated  above  the  horizon ;  being  on  op- 
pofire  meridians,  when  it  is  noon  to  the  one,  it  muft  be 
iiiid-night  to  the  other;  and  as  the  fun  recedes  from  the 
one  when  he  approaches  to  the  other,  the  length  of  the 
day  to  one  mud  be  equal  to  the  length  of  the  night  at  the 
fame  time  to  the  othe«-. 

P  R  9- 
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To  find  the  diftance  between  any  two  places  on  the 
globe. 

Lay  the  graduated  edge  of  the  quadrant  of 
altitude  over  both  the  places,  and  count  the 
number  of  degrees  intercepted  between  them  on 
the  quadrant;  then  multiply  thefe  decrees  by 
60,  and  the  produft  will  give  the  di&nce  in 
geographical  miles :  but  to  find  the  diftance  in 
Engliih  miles,  multiply  the  degrees  by  69!,  and 
the  produft  will  be  the  number  of  miles  required^ 
Or,  take  the  diftance  between  any  two  places 
with  ^  psur  of  compa0es,  and  apply  that  extent 
to  the  equator ;  the  number  ot  degrees,  inter- 
cepted between  the  points  of  the  compafles,  is  , 
liie  diftance  in  degrees  of  a  great  circle*;  which 
may  be  reduced  either  to  geographical  miles,  or 
1:0  Englifti  miles,  as  aboye, 

*  Aqv  circle  that  divides  the  globe  into  two  e^ual  parts,  Gr$at 
Is  called  a£rea$  circle^  as  the  equator  or  meridian.     Any  circle. 
pircle  that  divides  the  globe  into  two  unequal  parts  (which 
fivcry  parallel  of  latitude  does)  is  called  a  lejir  circle.  Now,  Le^r 
as  every  circle,  whether  great  or  fmalli  contains  360  de*  circle, 
greesy  and  a  degree  upon  the  equator  or  meridian  contains 
^  geographical  miles,  it  is  evident,  that  a  degree  of  lon- 
gitude upon  the  equator,  is  loneer  than  a  degree  of  longi* 
tude  upon  any  parallel  of  Iaticu&,  and  muft  therefore  con* 
tain  a  greater  number  of  miles.     So  that,  although  all  the 
degre!:s  of  latitude  are  equally  long*upon  an  artificial  globe 
(though  not  precifely  fo  upon  the  earth  itfelf )  yet  the  de- 
grees of  longitude  decreafe  in  length,  as  the  latitude  in- 
(creafes,  but  not  in  the  fame  proportion.    The  followiog 
table  ihews  the  length  of  a  degree  of  longitude,  in  geo« 
graphical  miles,  and  hundredth  parts  of  a  mile,  for  every 
^cgrte  of  latitude,  from  the  equator  to  the  poles :  a  de* 
free  p.^  the  ega^tor  being  60  geographical  miles. 

PRO- 
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A  place  on  the  globe  being  gheHy  and  iis  dtftmce 
from  my  oibar  place^  to  find  all  the  other  places 
upon  the  globe  which  are  at  the  fame  dijiamefrmn 

ih^  given  place. 

Bring  the  given  place  to  the  brafen  meridian, 
and  fcrcw  the  quadrant  of  altitude  to  the  meri- 
dian,  direftljr  over  that  place  j  then  keeping  the 
globe  in  that  pofition^  turn  the  quadrant  quite 
round  upon  it,  and  the  degree  of  the  quadrant 
that  touches  the  fecond  place,  will  pafs  6ver  all 
the  other  places  which  are  equally  diftant  with  it 
from  the  given  place. 

This  is  the  fame  as  if  one  foot  of  a  pair  of 
compafles  was  fet  in  the  given  place,  and  the 
other  foot  extended  to  the  fecond  place,  whole 
diftance  is  known  ;  for  if  the  compafles  be  then 
turned  round  the  firft  place  as  a  center,  the 
moving  foot  will  go  over  all  thofe  places  which 
are  at  the  fame  di(lance  with  the  fecond  from 
it. 


yi  TABLE 
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A  TABLE  Jbewing  the  number  of  miles  in  a  de-- 
gree  of  longitude y  in  any  given  degree  of  latitude. 
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36 

48.54 
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71 
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42 
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72 
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13 
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43 
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73 
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H 
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44 
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74 

16.53 

15 

57-95 

45 
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75 
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16 
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46 

41.68 

76 
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17 

57-38 

47 

40.92 

77 
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18 
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48 

40.15 

78 

12.48 

19 

56.73 

49 

39-36 

79 

11.45 

20 

56.38 

50 

38.57 

80 

10.42 

21 

56.02 

51 

37.76 

81 

9-38 

22 

55-63 

52 

36.94 

82 

8.35 

23 

55-23 

53 

36.11 

83 
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24 
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54 
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84 
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25 
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SS 
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85 
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26 
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S6 
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86 
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27 
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57 

32.68 

87 

3.15 

28 

52.96 

58 

31.79 

88 

2.10 
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52.47 

59 

30.90 

89 

1.05 

30 

51.96 

60 

30.00 

90 

0,00 
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PROBLEM    VIIL 

^e  hour  of  the  d^  at  any  place  being  given »  to  find 

ail  ibqfe  places  where  si  is  noon  at  thai  iime^ 

Bring  the  given  place  to  the  brafen  meridian^ 
and  fet  the  index  to  the  given  hour  j  this  dorte^ 
turn  the  globe  until  the  index  points  to  the  upper 
XII,  and  then,  all  die  places  that  lie  under  the 
brafen  meridian  have  noon  at  that  time, 

N.B.  The  upper  XII  always  ftands  for  noon; 
and  when  the  bringing  of  any  place  to  the  brafen 
meridian  is  nnentioned,  the  fide  of  that  meridian 
on  which  the  degrees  are  reckoned  from  the 
equator  is  meantj  unlefs  the  contrary  fide  be 
mentioned. 

PROBLEM    IX. 

^e  hour  of  the  day  at  any  place  being  ffven^  to  find 
what  time  it  then  is  at  any  other  place. 

Bring  the  given  place  to  the  brafen  meridian, 
-  and  fet  the  index  to  the  given  hour ;  then  turn 
the  globe,  until  any  place  where  the  time  is  re- 
quired comes  to  the  brafen  meridian,  and  the  in- 
dex will  point  out  the  time  at  that  place, 

P  R  O  B  L  E  M    X. 

To  find  the  Jmis  place   in  the  ecliptic ^   and  bis 
declination  *,  for  any  given  day  of  the  year. 

Look  on  the  horizon  for  the  given  day,  and 
right  againft  it  you  have  the  degree  of  the  fign 
in  which  the  fun  is  (or  his  place)  on  that  day 

*  The  fun's  declination  is  his  diftance  from  the  eqai- 
noflial  in  degrees,  and  is  north  or  foutb,  as  the  fun  is  be- 
tween the  equinodial  and  the  north  or  fouth  pole« 
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at  noon.  Find  the  fame  degree  of  that  fign  in 
the  ecliptic  line  upon  the  globe,  and  having 
brought  it  to  the  brafen  meridian,  obferve  what 
degree  of  the  meridian  ftands  over  it ;  for  that 
is  the  fun's  declination,  reckoned  from  the 
equator, 

P  R  O  B  L  E  M    XI. 

^he  day  of  the  mdntb  being  givetty  to  find  all  thofe 
places  of  the  earth  over  which  the  fun  willpafs 
vertically  on  that  day.  ^ 

Find  the  fun's  place  in  the  ecliptic  for  the 
given  day,  and  having  brought  it  to  the  brafen 
meridian,  obferve  what  point  of  the  meridian  is 
over  ir;  then  turning  the  globe  round  its  axis, 
all  thofe  places  which  pafs  under  that  point  of 
the  meridian  are  the  places  required;  for  as 
their  latitude  is  equal,  in  degrees  and  parts  of  a 
degree,  to  the  fun's  declination,  the  fun  muft  be 
vertical  (or  direftly  over  head)  to  each  of  them 
at  its  refpedlive  noon. 

PROBLEM    XII. 

A  place  being  given  in  the  torrid  zone  *,  to  find  thofe 
two  days  of  the  year^  on  which  the  fun  Jkall  be 
vertical  to  that  place. 

Bring  the  given  place  to  the  brafen  meridian, 
and  mark  the  degrfee  of  latitude  that  is  exaftly 

over 


•  The  globe  is  divided  into  five  zones ;  one  torrid,  two 
temperate,  and  two  frigid.  The  torrid  scone  lies  between  the 
two  tropics,  and  is 47  degrees  in  breadth,  or  23! on  each  fide 
of  the  equator :  the  temf  irate scoms  lie  between  the  tropics  and 
polar  circles,  or  from  23 f  degrees  of  latitude,  to  66^9  on 
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over  it  on  the  meridian  i  then  turn  the  globe 
roujid  its  axisj  and  obferve  the  two  degrees  of 
the  ecliptic  which  pafs  exactly  under  that  degree 
of  latitude:  laftly,  find  on  the  wooden  horizon 
the  two  days  of  the  year  on  \vhich  the  fun  is  in 
thofe  degrees  of  the  ecliptic,  and  they  are  the 
days  required :  for  on  thenij  and  none  clfe,  the 
lun's  declination  is  equal  to  the  latitude  of  the 
given  place;  and  confequently,  he  will  then  be 
vertical  to  it  at  noon, 

V 

PROBLEM    XIIL 

^Q  find  aU  ihofe  plaies  of  the  mrib  fri^d  zowe^ 

whtTe  the  fun  begins  to  Jhmc  conflanl/j  wtihout 
Jeiimgi  an  mty  ghen  day^  from  ibc  20th  of  Marcb^ 
to  the  2'id  of  Sepi ember. 

On  thefe  two  days,  the  fun  is  in  the  equinoc- 
tial, and  enlightens  the  globe  exadly  from  pole 
to  pole;,  therefore,  as  the  earth  turns  round  its 
axis,  which  terminates  in  the  poles,  every  place 
upon  it  will  go  equally  through  the  light  and  the 
dark,  and  fo  make  the  day  and  night  equal  to 
all  places  of  the  earth.  But  as  the  fun  declines 
from  the  equator,  toward  either  pole,  he  will 
Ihine  juft  as  many  degrees  round  that  pole,  as 
are  equal  to  his  declination  from  the  equator; 
fo  that  no  place  within  the  diftance  of  the  pole 
will  then  go  through  any  part  of  the  dark,  and 
confequently  the  fun  will  not  fet  to  it.     Now,  as 

cacli  fide  of  the  equator;  and  are  each  43  degrees  in  breadth: 
the  frigid  xoues  are  the  fpaces  included  within  the  polar 
circles,  which  being  each  231  degrees  from  their  refpe6Uvc 
poles,  the  diameter  of  each  ot  thefe  zones  is  47  degrees.  As 
the  fun  never  goes  without  the  tropics,  he  tpufl  every  mo* 
nent  be  vertical  to  fome  place  or  other  in  the  torrid  zone* 

the 
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the  fun*s  declinarion  ii  northward,  from  the  26th 
of  March  to  the  ood  of  September,  he  muft  con- 
ftantly  (hine  round  the  north  pole  all  that  time  5 
and  on  the  day  that  he  is  in  the  northern  tropic, 
he  (bines  upon  the  whole  north  frigid  zone ;  fo 
that  no  place  within  the  north  polar  circle  goes 
through  any  part  of  the  dark  on  that  day- 
Thercfore, 

Haring  brought  the  fun's  place  for  the  given 
day  to  the  brafen  meridian,  and  found  his  de- 
clination (by  Prob.  IX,)  count  as  many  degrees 
on  the  meridian,  from  the  north  polc^  as  arc  ' 
equal  to  the  fun's  declination  from  the  equator, 
and  mark  that  degree  from  the  pole  where  the 
reckoning  ends :  then,  turning  the  globe  round 
its  axis,  obferve  what  places  In  the  north  frigid 
zone  pa(s  dire6Uy  under  that  mark;  for  they  are 
the  places  required. 

The  like  may  be  done  for  the  fouth  frigid 
zone,  from  the  aad  of  September  to  the  20th  of 
March,  during  which  time  the  fun  fliines  con* 
flandy  on  the  fouth  pole. 


PROBLEM    XIV. 

TV  find  the  place  over  which  the  fun  is  vertical j  at 
any  hour  of  a  given  day. 

Having  found  the  fun's  declination  for  the 
given  day  (by  Prob.  IX.)  mark  it  with  a  chalk 
on  the  brafen  meridian:  then  bring  the  place 
where  you  are  (fuppofe  London)  to  the  brafen 
meridian,  and  fet  the  index  to  the  given  hour ; 
which  done,  turn  the  globe  on  its  axis,  until  the 
index  points  to  XII  at  noon;  and  the  place  on 
the  globe,  which  is  then  dircftly  under  die  point 
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of  the  fun's  declination  marked  upon  the  men* 
dian,  has  the  fun  chat  moment  in  die  xcnithi  Of  > 
diredly  over  head. 


PROBLEM    XV. 


4 


T[be  day  and  htur  at  any  place  being  ghm,  i§^i 

mU  fhofs  places  where  ibe  fun  is  that  fifing^  w 

JkiJmg^  Gr  en  ibe  meritiimi :  conjequeutly^  aU  th^ff 

places  wkith  are  enlightened  ai  ik^  iime^    and 

thtji  which  are  in  the  dark* 

This  problem  cannot  ht  rolved  by  arry  globe 
fitted  up  in  the  common  way,  with  the  hour 
circle  fixed  upon  the  brafs  meridian;  unlefs  the 
fbn  be  *on  or  near  fome  oC  the  tropics  Qi;i:  tbt: 
given  day.  But  by  a  globe  fitted  uf>  according 
to  Mr,  Jo/epb  Harrises  invention  (already  men- 
doned)  where  the  hour-circle  lies  on  the  fur&ce 
of  the  globe,  below  the  meridian,  it  may  be  ((^^^ 
for  any  day  in  the  year,  according  to  his  me- 
thod ;  which  is  as  follows. 

Having  found  the  place  to  which  the  fun  is 
vertical  at  the  given  hour,  if  the  place  be  in  the 
northern  hemi^here,  elevate  the  north  pole  as 
many  degrees  above  the  horizon,  as  are  equal  to 
the  latitude  of  that  place ;  if  the  place  be  in  the 
ibuthern  hemifphere,  elevate  the  fouth  pole  ac- 
cordingly ;  and  bring  the  faid  place  to  the  brafcn 
meridian.  Then,  all  thofe  places  which  are  in 
the  weftern  femicircle  of  the  horizon,  have  the 
fun  rifmg  to  them  at  that  time ;  and  thofe  in  the 
eaftern  femicircle  have  it  fetting  :  to  thofe  under 
the  upper  femicircle  of  the  brafs  meridian^  it  is 
noon ;  and  to  thofe  under  the  lower  femicircle. 
It  is  midnight.  ^AU  thofe  places  which  arc 
above  the  horizon^  are  enlightened  by  the  fun, 
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tad  have  the  fun  juft  as  many  degrees  high  to 
them,  as  they  themfclves  are  above  the  horizon  i 
and  this  height  may  be  known,  by  fixing  the 
quadrant  of  altitvlde  on  the  b'rafen  meridian  over 
the  place  to  which  the  fun  is  vertical  5  and  then^ 
laying  it  over  any  other  place,  obferve  what 
number  cff  degrees  On  the  quadrant  arc  inter- 
tepted  between  the  faid  place  ^nd  the  horizon. 
In  all  thofe  places  that  are  18  degrees  below  the 
weftern  femicircle  of  the  horizon^  the  iiiornii)g 
twilight  is  juft  beginning  5  in  all  thofe  places  that, 
are  18  degrees  below  the  eaftern  femicircle  of 
the  horizon,  the  evening  twilight  is  ending  5  and 
all  thofe  places  that  arc  lower  than  18  degrees^ 
have  dark  night. 

If  any  place  be  brought  to  the  upper  femi- 
tircle  of  the  brafen  merfdian,  and  the  hour  index 
be  fet  to  the  upper  XII  or  noon,  and  thfcn  the 
globe  be  turned  round  eaftward  on  its  axis  5 
Hvhen  the  place  comes  to  the  weftern  femicircle 
6f  the  horizon,  the  index  will  fhew  the  timfe  of 
lun-rifing  at  that  place  j  and  when  the  fame  place 
comes  to  the  eaftern  femicircle  of  the  horizonj 
the  index  will  Ihew  the  time  of  fun-fet. 

To  thofe  places  which  do  not  go  under  the 
horizon,  the  fun  fets  not  on  that  day:  and  to 
thofe  which  do  not  come  above  it^^  the  fun  does 
hot  rife; 

P  R  O  B  L  E  IVl    XVL 

The  day  and  hour  of  a  lunar  eclipfe  being  given  j  to 
find  all  thofe  places  of  the  earth  to  which  it  will 
be  vtfible. 

The  moon  is  riever  eclipfed  but  when  (ha  ia 
fym,  and  fo  direftly  oppofue  to  the  fun,  that  the 
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earth's  fhadow  falls  upon  her.  Theidbre,  ^frine* 
ever  place  of  the  earth  the  fun  is  viertical  to  tt 
that  time»  the  moon  iiiuft  be  vertical  to  die  an- 
tipodes  of  that  place :  fo  that  the  iiin  will  be  dien 
N  vifible  to  one  half  of  the  earth>  and  the  oxxn^ 
to  the  other. 

Find  the  place  to  which  the  (tm  jb  vertical  at 
the  given  hour  (by  Frob.  XIV.)  elevate  die  pok 
to  the  latitude  of  that  place,  and  bring  the  place 
to  the  upper  part  of  the  braien  meri&ui,  as  in 
jche  ibrmer  problem:  then,  as  the  iiin  will  be 
vifible  to  all«  thofe  parts  of  the  gMie  which  are 
above  the  horizon,  the  moon  v^llbe  viGbIc  to  aD 
,  thofe  parts  of  the  globe  which  are  below  i^  at 
the  time  of  her  greateft  obicuration* 

But  with  regard  to  an  edipie  of  the  fiin,  there 
is  no  fuch  diing  as  (hewing  to  what  places  it  wiD 
be  vifible>  with  any  degree  of  certainty,  fay  1 
common  globe ;  becaufe  the  moon's  fhadow  co- 
vers but  a  fmall  portion  of  the  earth's  furfact; 
and  her  latitude,  or  declination  from  the  ecliptic, 
throws  her  fhadow  fo  variouQy  upon  the  earthi 
that  to  determine  the  places  on  >^ich  it  faDs,  re* 
courfe  mult  be  had  to  long  calculations. 

PROBLEM    XVII. 

To  reSltfy  the  globe  for  the  latitude^  the  ztnitb  *, 
and  the  Jutis  place. 

Pind  the  latitude  of  the  place  (by  Frob*  I.)  and 
if  the  place  be  in  the  northern  hemifphere,raife  the 
north  pole  above  the  north  point  of  the  horizon, 

*  The  ztnith^  in' this  ienfe,  is  the  highed  point  of  the 
brnfen  meridian  above  the  horizon  ;  but  ni  the  proper  fenfe 
it  is  that  point  of  the  heaven  which  is  dheBXy  vertical  to 
■  any  given  place,  at  any  given  inftant  of  time. 
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as  many  dep^es  (counted  from  the  pole  upon 
the  brafen  meridian)  as  are  equal  to  the  latitude 
of  the  place,  .  If  the  place  be  in  the  fouthcrn 
hemifphere,  taife  the  louth  p61e  above  the  fouth 
point  of  the  horizon,  as  many  degrees  as  are  equal 
to  the  latitude.  Then,  turn  the  globe  till  the 
place  comes  under  its  latitude  on  the  brafen  me- 
ridian, and  fallen  the  quadrant  of  altitude  fo, 
tliat  the  chamfered  edge  of  its  nut  (which  is  even 
with  the  graduated  edge)  may  be  joined  to  the 
zenith,  or  point  of  latitude.  This  done,  bring 
the  fun*s  place  in  the  ecliptic  for  the  given  day, 
(found  by  Prob.  X.)  to  the  graduated  fide  of  the 
brafen  meridian,  and  fet  the  hour-index  to  XII 
at  noon^  which  is  the  uppermoft  XII  on  the  hour- 
circle  J  and  die  globe  will  be  reftified. 

The  latitude  of  any  place  is  equal  to  the  ele-  Remark, 
ration  of  the  neareft  pole  of  the  heaven  above 
the  horizon  of  that  place ;  and  the  poles  of  . 
the  heaven  are  diredly  over  the  poles  of  the 
earth,  each  90  degrees  from  the  equinoctial 
line.  Let  us  be  upon  what  place  of  the  earth 
we  will,  if  the  limits  of  our  view  be  not  in- 
tercept^ by  hills,  we  (hall  fee  one  half  of  the 
heaven,  or  90  degrees  every  way  round,  from 
Aat  point  which  is  over  our  heads.  Therefore^ 
if  w€  were  upon  the  equator,  the  poles  of  the 
lieavea  would  lie  in  our  horizon,  or  limit  of  our 
view  5  if  we  go  from  the  equator,  toward  either 
pole  of  the  earth,  we  (hall  fee  the  corrcfponding 
|X)lc  of  the  heaven  rifing  gradually  above  our 
fiorizon,  juft  as  many  degrees  as  we  have  gone 
bold  the  equator :  an4  if  we  were  at  either  of 
the  earth's  poles,  the  corrcfponding  pole  of  the 
heaven  would  be  direftly  over  our  h^.  Con- 
iccjucntly,  the  elevation  or  height  of  the  pole  in 
T  3  degreci 
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d^ees  above  the  horizon,  is  equal  to  the  ounif 
ber  of  degrees  thai  the  place  is  fiuin  die  equator. 

PROBLEM    XVIIL 

^be  laiiiudd  of  any  plu€i  not  exceeding  *  65  J  dfcr 
^^fc-J,  and  the  day  <?/  ibe  months  being  given  i  li 
^d  ibc  time  offun*rifmg  andfetiiiig^  and  cmtfe-* 
yueuily  ibe  knpb  §f  ibe  day  and  nigbL 

Having  redlified  the  globe  for  the  latitude^ 
^nd  for  the  fuas  place  on  the  given  day  (as  dl* 
fcftcd  in  the  preceding  problem)  bring  the  fun*s 
place  in  die  ecliptic  to  the  eaflern  fide  of  the  ho- 
rizon, and  the  hour- index  wiU  ihew  the  time  of 
^  .  fun-rifing ;  then  turn  the  globe  on  its  axis,  unril 
the  fun's  place  comes  to  the  weftern  fide;  of  the 
horizon,  and  the  index  will  fhew  the  tinae  of  (un^ 
fetting. 

The  hour  of  fun-fetting  doubled,  gives  ^c 
length  of  the  day ;  and  the  hour  of  fun-rilulg 
doubled  gives  the  length  of  the  night. 

PROBLEM    XIX. 

Il'be  latitude  of  any  flace^  and  tbe  day  of  the  wtmah^ 
being  given ;  to  find  when  the  morning  twilighi 
begins,  and  tbe  evening  twilight  ^nds^  at  wot 
^lace. 

This  problem  is  often  limited ;  for,  when  the 
jiin  does  not  go  1 8  degrees  below  the  horizoi^ 
the  twilight  continues  the  whole  night;  and  for 

.  ^  All  places  whofe  latitude  is  snore  fhan  66|  degfe^iy 
are  in  the  frigid  zones  :  and  to  thofe  places  the  fun  does 
\Tiox  fet  in  fuinmer,  (bra  certain  noinbei* of  diirrnalreTola- 
^oosj  which  occafions  this  limitation  of  latitude. 
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feveral  nights  together  in  fummer,  between  49 
and  664-  degrees  of  latitude  :  and  the  nearer  to 
66i,the  greater  is  the  number  of  thefe  nights, 
£ut  when  it  does  begin  and  end,  the  follow- 
ing method  will  fhew  the  time  for  any  given 
day, 

Reftify  the  globe,  and  bring  the  fun's  place  in 
the  ecliptic  to  the  eaftern  Iide  of  the  horizon ; 
then  mark  that  point  of  the  ecliptic  with  a  chalk 
which  is  in  the  weftern  fide  of  the  horizon,  it  be- 
ing the  point  oppofite  to  the  fun's  place :  this 
done,  lay  the  quadrant  of  altitude  6ver  the  faid 
point,  and  turn  the  globe  eaftward,  keeping  the 
quadrant  at  the  chaU:-mark,  until  it  is  juft  iS 
degrees  high  on  the  quadrant;  and  the  index 
will  point  out  the  time  when  the  morning  twi- 
light begins :  for  the  fun's  place  will  then  be  1$ 
degrees  below  the  eaftern  fide  of  the  horizon^ 
To  find  the  time  when  the  evening  twilight  ends, 
bring  the  fiin's  place  to  the  weftern  fide  of  the 
horizon  5  and  the  point  oppofite  to  it,  which  was 
marked  with  the  chalk,  will  be  rifing  in  the  eaft; 
then,  bring  the  quadrant  over  that  point,  and 
keeping  it  thereon,  turn  the  globe  weftward, 
untU  the  faid  point  be  1 8  degrees  above  the  ho- 
rizon on  the  quadrant,  and  the  index  will  fliew 
the  time  when  the  evening  twilight  ends  j  the 
jfun's  place  being  then  18  degrees  below  iJid 
{^reftern  fid?  of  ik^  horizon* 


T  4  P  R  Or 
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PROBLEM    XX* 

y  f*^  find  m  what  day  cf  the  year  ibe  fun  hegins  t§ 

jbine  conftansly  witbautj^ning^  on  mry  given  place 
in  tbe  mnb  frigid  zone »  and  bow  Imig  be  em- 

tinufS  to  dojQ, 

Reftify  the  globe  to  the  latitude  of  the  place, 
•  and  turn  it  about  until  fomc  point  of  the  eclip- 
tic, between  Aries  and  Cancer^  coincides  with 
the  north  point  of  the  hnrixon  where  the  brafen 
meridian  aus  it :  then  ind,  on  the  wocxJen 
horizoflj  what  dajr  of  the  year  the  fun  is  in  that 
point  of  the  ecliptic  >  for  that  is  the  day  on 
which  the  fun  begins  to  fhinc  conftantly  on  the 
given  place,  without  fecting.  This  done,  turn 
the  globe  until  fome  point  of  the  ecliptic,  be- 
tween Cancer  and  Libra,  coincides  with  the 
north  point  of  the  horizon,  where  the  brafen 
meridian  cuts  it;  and  find,  on  the  wooden 
horizon,  on  what  day  the  fun  is  in  that  point  qf 
the  ecliptic;  which  is  the  day  that  the  fun  leaves 
ofFconftantly  fliinlng  on  the  faid  place,  and  rifes. 
and  fets  to  it  as  to  other  places  on  the  globe. 
The  number  of  natural  days,  or  complete  re- 
volutions of  the  fun  about  the  earth,  between 
the  two  days  above  found,  is  the  time  that  the 
fun  keeps  conftantly  above  the  horizon  without 
'  •  fetting :  for  all  the  portion  of  the  ecliptic,  that 

lies  between  the  two  points  which  inteHe6t  the 
horizon  in  the  very  north,  never  fets  below  it: 
and  there  is  juft  as  much  of  the  oppoGte  part  of 
the  ecliptic  that  never  rifes ;  therefore,  the  fun 
will  keep  as  long  conftantly  below  the  horizon  in 
winter,  as  above  it  in  fummer. 

Whoever 
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Whoever  confidcrs  the  globe,  will  find,  that 
all  places  of  the  earth  do  equally  enjoy  the  be- 
nefit of  the  fun,  in  refpeft  of  time,  and  arc 
equally  deprived  of  it.  For,  the  days  and  nights 
are  always  equally  long  at  the  equator :  and  in 
all  places  that  have  latitude,  the  days  at  one  time 
of  the  year  are  exactly  equal  to  the  nights  at  the 
oppofite  feafon. 


PROBLEM    XXL 

To  find  in  what  latitude  the  fun  Jhhtes  cenftantfy 
without  fettingy  for  any  length  of  time  lejs  than 
*  I82-J.  of  our  days  and  nights. 

Find  a  point  in  the  ecliptic  half  as  many  de- 
grees from  the  beginning  of  Cancer  (either  to- 
ward Aies  or  Ubra)  as  there  are  natural  days  j- 
}n  the  time  ^ven ;  and  brin^  diat  point  to  the 
nordi  fide  of  the  brafen  mendian,  on  which  the 
degrees  are  numbered  from  the  pole  toward 
the  equator :  then,  keep  the  globe  from  turning 
on  its  axis,  4Uid  Aide  the  meridian  up  or  down, 
until  the  aforefaid  point  of  the  ecliptic  comes 
JO  the  north  point  of  the  horizon,  and  then,  the 
elevation  of  the  pole  will  be  equal  to  the  latitude 
jcquired. 

*  The  reafon  of  this  limitation  is,  that  1 82{  of  oar 
days  and  nights  make  half  a  year,  which  is  the  longeft 
time  that  the  fun  ihines  withoat  fetting,  even  at  the  poles 
of  the  earth. 

t  A  natural  day  contains  the  whole  24  hoars  :  an  arti- 
ficial day,  the  time  that  the  fan  is  abov^  the  horizon* 


P   R    Or 
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PROBLEM    XXIL 

ff>^  hfUude  of  a  tkce^  mi  exceeding  66|4//jr/fj, 

and  the  day  of  fhe  monib  hdn^  givm :  tc  find 
the  Jun\i  mnplUad^f  cr  point  of  ihe  tom^i  m 
whkb  be  rijes  or  Jiis  m  ibat  day^ 

Reflify  the  globe,  and  bring  the  fun's  place 
to  die  eaftern  fide  of  the  hortzon  %  then  obfervc 
what  point  of  the  comj  i  on  the  horizon  ftands 
right  againft  the  fun*s  place,  for  that  is  his 
amplitude  at  rifing-  Th.s  done,  turn  the  globe 
weftward,  until  the  fun*s  place  comes  to  the 
weftern  fide  of  the  horizon,  and  it  will  cut  rhc 
point  of  his  amplitude  at  fetting.  Or,  you  may 
C9unt  the  rifing  amplitude  in  degrees,  from  the 
call  point  of  the  hoHzon,  to  that  point  where 
ithe  fun's  place  cuts  it ;  and  the  fetting  ampli- 
tude, from  the  weft  point  of  the  horizon,  to  the 
fun V  place  at  fetting. 


PROBLEM    X^tllL 

^he  latitude^  ihe  fun's  placcy   and  bis  altitude  ^^ 
being  given  \  to  find  the  hour  of  the  da^^  and  t\t 
fun's  azimuth y  or  number  of  degree^  tbatb^  ii 
difiant  from  the  meridian. 

Reftify  the  globe,  and  bring  the  fun's  trfaio 
(o  the  given  height  upon  the  quadrant  or  kltir 
tude ;  on  the  eaftern  fide  of  the  horizon,  if  the 
time  be  in  the  forenoon  j  or  the  weftern  fide,  if 

^  The  fun's  altitude,  at  any  time,  is  his  Keigl^t  in  de- 
crees above  tl^e  horizon  at  that  timf^ 

'      *     •  ■  r 
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\t  be  in  the  afternoon :  then,  the  index  will  fticw 
jthe  hour ;  and  the  number  of  degrees  in  the  ho* 
•  rizon  intercepted  between  the  quadrant  of  alti* 
jtude  and  the  fbpth  pointy  will  hp  ^e  fun's  trtie 
azimuth  at  that  time. 

N.  B.  Always  when  the  quadmnt  of  altitude 
is  nientioned  in  working  any  problem^  the  gra- 
jduated  edge  of  it  is  nieant. 

If  this  be  done  at  fea,  and  compared  w^th  the 
fun's  azimuth,  as  fhewn  by  the  compafs,  if  they 
agree,  the  compafs  has  no  variation  in  that  place: 
but  if  they  differ,  the  compafs  does  vary  i  an4 
the  yariation  is  equal  tp  this  difference^ 


PROBLEM    XXIV, 

ilffi  latitude^  hour  of  the  day^  and  the  furC s  flace^ 
being  gheni  to  find  the  fun's  altitude  ank 
azimuth. 

Reftify  the  globe^  and  turn  it  until  the  fn- 
fdex  points  to  the  given  hour  3  then  lay  the  qua-, 
jdrant  of  altitude  over  the  fun's  place  in  the 
ecliptic,  and  the  dejgrec  of  the  quadrant  cut  by 
the  fun's  place  is  his  altitude  at  that  time  above 
the  horizon  5  and  the  degree  of  the  horizon  cut 
|by  the  quadrant  in  the  fun's  azimuth^  reckoned 
froni  thefouth. 


PRO- 
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PROBLEM    XXV. 

yi^  l^Uudiy  the  /mi's  altitude^  and  bis  Mzimud 
iiing  pven  i  io  find  bis  place  in  the  eclipik^  fbe 
day  of  the  mmtb^  and  hour  of  the  day^  ibmgb 
ibty  had  all  hm  hfi* 

Reftify  the  globe  for  the  lacttiide  and  zenith  *, 
and  fet  the  quadrant  of  altitude  to  the  given 
azimuth  in  the  horizon ;  keeping  it  there,  turn 
the  globe  on  its  axis  until  the  ecliptic  cots  the 
quadrant  in  the  given  altitude  :  that  point  of 
the  ecliptic  which  cuts  the  quadrant  there^  wiU 
be  the  fun's  place ;  and  the  day  of  the  month 
anfwering  thereto,  will  be  found  over  the  like 
place  of  the  fun  on  the  wooden  horizon.  Keep 
the  quadrant  of  altitude  in  that  pofition,  and 
having  brought  the  fun's  place  to  the  brafen  me- 
ridian, and  the  hour  index  to  XII  at  noon,  turn 
back  the  globe,  until  the  fun's  place  cuts  the 
.quadrant  of  altitudfe  again,  and  the  index  will 
fliew  the  hour. 

Any  two  points  of  the  ecliptic  which  are 
cquidiftant  from  the  beginning  of  Cancer  or  of 
Capricorn^  will  have  the  fame  altitude  and  azi- 
muth at  the  fame  hour,  though  the  months  be 
different  j  and  therefore  it  requires  Ibmc  care  in 
this  problem,  not  to  miftake  both  the  month, 
and  the  day  of  the  month  5  to  avoid  which,  ob- 
{trwQy  that  from  the  20th  of  March  to  the  21ft 
of  June,  that  part  of  the  ecliptic  which  is  be- 

•  By  reftlfying  the  globe  for  the  zenith,  is  meant  fcrew* 
ing  the  quadrant  of  altitude  to  the  given  latitude  on  the 
brafs  meridian. 

tween 
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twecn  the  beginning  of  yiries  and  beginning  of 
Canter  is  to  be  ufcd:  from  the  aift  of  June  to 
the  22d  of  September,  between  the  beginning  / 

of  Cancer  an4  beginning  of  Libra:  from  the 
"126  of  September  to  the  21ft  of  December, 
between  the  beginning  of  Libra  and  the  begin- 
ning of  Capricorn;  and  from  the  21ft  of  Decem- 
ber to  the  aoth  of  March,  between  the  begin- 
ning of  Capricorn  and  beginning  of  j4ries.  And 
as  one  can  never  be  at  a  lofs  to  know  in  what 
quarter  of  the  year  he  takes  the  fun's  altitude  and 
azimuth,  the  above  caution  with  regard  to  the* 
quarters  of  the  ecliptic,  will  keep  him  right  as 
to  the  month  and  day  thereof. 


PROBLEM    XXVI. 

TV  ^d  the  length  of  the '  longeji  day  at  any  given 
place. 

If  the  place  be  on  the  north  fide  of  the  equa- 
tor, find  its  latitude  Tby  Prob.  I.)  and  elevate 
the  north  pole  to  that  latitude  j  then,  bring  the 
beginning  of  Cancer  ^  to  the  brafen  meridian, 
and  fet  the  hour-index  to  XII  at  noon.  But  if 
the  given  place  \)t  on  the  fouth  fide  of  the 
equator,  elevate  the  fouth  pole  to  its  latitude, 
and  bring  the  beginning  of  Capricorn  Yf  to  the 
brafs  meridian,  and  the  hour-index  to  XII. 
This  done,  turn  the  globe  weftward,  until  the 
beginning  of  Cancer  or  Capricorn  (as  the  latitude 
is  north  or  fouth)  comes  to  the  horizon  5  and 
the  index  will  then  »point  out  the  time  of  fun- 
fetting,  for  it  will  have  gone  over  all  the  after- 
noon   hours,    between    mid-day   and    fun-fet; 

*       *     '  which 
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fength  of  time  being  doubled/  will  giirt 
>le  length  of  the  day,  from  ftin-rifing  to 
ing.     For,  in  all  latitudes,  the  fun  rifcl 
before  mid-dajr^  as  he  fets  after  it. 


PROBLEM    XXVIL 

T&fnd  in  mi  kngeft  day  is  of  my 

f  'BH  24  bmrsi 

If  the  latitude  >  bring  the  beginning 

of  Cancer  to  the  \  neridiaoj  and  elevate 

the  north  pole  to  „  66|  degrees;  bur  if 
the  latitude  be  fouth,  oring  the  beginning  of 
Capricorn  to  the  meridianj  and  elevate  the  fouth 
pole  to  about  66^  degrees;  becaufe  the  longeft 
day  in  north  latitude,  is  when  the  fun  is  in  the 
firik  point  of  Cancer  i  and  in  fouth  latitude^ 
when  he  is  in  the  firft  point  o(  Capricorn.  Thch 
fet  the  hour-index  to  XII  at  noon,  and  turn  the 
globe  leftward,  until  the  index  points  at  half 
the  nunnber  of  hours  given :  which  done,  keep 
the  globe  from  turning  on  its  axis,  and  flide  the 
meridian  down  in  the  notches,  until  the  afore- 
faid  point  of  the  ecliptic  (viz.  Cancer  or  Capri- 
corn) comes  to  the  horizon  5  then,  the  elevation 
of  the  pole  will  be  equal  to  the  latitude  re- 
.quired. 


PRO- 
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PROBLEM    XXVIIL 

^be  htitude  of  any  flace,  not  exceeding  66\;  de-^ 
greesy  being  given  5    to  find  in  what  climate  * 

the  f  lace  is. 

Find  the  length  of  the  longeft  day  at  the  given 
place  by  Prob.  XXVI.  and  whatever  be  the 
number  of  hours  whereby  it  exceeds  twelve, 
double  that  number,  and  the  fum  will  anfwer  to 
the  climate  in  which  the  place  is. 


PROBLEM    XXIX. 

V^he  laiitudey  and  the  day  of  the  months  being  given  i 
to  find  the  hour  of  the  day  when  the  fun  pines. 

Set  the  wooden  horizon  truly  level,  and  the 
brafen  meridian  due  north  and  fouth  by  a  ma- 
riner's compafs :  then,  having  reftified  the 
globe,  ftick  a  fmall  fewing  needle  into  the  fun's 
place  in  the  ecliptic,  perpendicular  to  that  part 
of  the  furface  of  the  globe  :  this  done,  turn  the 
globe  on  its  axis,  until  the  needle  comes  to  the 
brafen  meridian,  and  fee  the  hour-index  to  XII 

•  A  cUmnte  from  the  equntor  to  either  of  the  polar  cir- 
cles, is  a  tracl  of  the  earth's  furface,  included  between  two 
fach  parallels  of  laiitudc,  that  the  length  of  the  longeil 
day  in  the  one  exceeds  that  in  the  other  by  half  an  hour  ; 
but  from  the  polar  circles  to  the  poles,  where  the  fun  kcepj 
long  above  the  horizon  without  fetting,  each  climate  dif- 
fers a  whole  month  from  the  one  next  to  it.  There  are 
twenty. four  climates  between  the  equator  and  each  of  the 
polar  circles ;  and  fix  from  each  polar  circle  Co  its  rc/pec- 
sive  pole. 

at 
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at  noon;  then,  turn  the  globe  on  its  axis,  until 
the  needle  points  cxaftly  coward  the  fun  (which 
it  will  do  when  it  cafls  no  (hadow  on  the  globe) 
and  the  index  will  fhcw  the  hour  of  the  day. 


I 


PROBLEM     XXX. 


A  pka/ant  way  vfjbewi  ail  thofe  places  §f  ihe 
earib  which  are  enhghicued  ly  the  fun ^  and  aiJi 
ibi  iime  (f  the  day  when  the  fun  pines. 

Take  the  terreftrial   ball  out  of  the  wooden 

horizon  J  and  alio  out  of  the  braftn  meridian  ; 

then  fet  it  upon  a  pedelHl  in  fun^fhine,  in  fuch 

a  manner,  that  its  north  pole  may  point  direftly 

toward  the  north  pole  of  the:  heaven,  and  the 

meridian  of  the  place  where  you  arc  be  direflBy 

toward  the  fouth.     Then,   the   fun  will  Ihinc 

upon  all  the  like  places  of  the  globe,,  that  be 

does  on  the  real  earth,  rifing  to  fome  when  he 

is  fetting  to  others ;  as  you  may  perceive  by  that 

part  where  the  enlightened  half  of  the  globe  is 

divided  from  the   half  in  the  Ihade,    by   the 

boundary  of  the  light  and  darknefs:    all  thofe 

places,  on  which  thci  fun  (hines,  at  any  time^ 

having  day ;  and  all  thole,   on  which  he  does 

not  (hine,  having  night. 

If  a  narrow  flip  of  paper  be  put  round  the 
equator,  and  divided  into  24  equal  parts^  be- 
ginning at  the  meridian  of  your  place,  and  the 
hours  be  fet  to  thofe  divifions  in  fuch  a  manner, 
that  one  of  the  VFs  may  be  upon  your  meri- 
dian; the  fun  being  upon  that  meridian  at 
noon,  will  then  (hine  exaftly  to  the  two  XII's; 
and  at  one  to  the  two  i's,  &c.  So  that  the 
3  place. 
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place,  where  the  enlightened  half  of  the  globe 
is  parted  from  the  (haded  half,  in  this  circle  of 
hours,  will  (hew  the  time  of  the  day* 

The  principles  of  dialing  (hall  be  explained 
farther  on,  by  the  tcrreftrial  globe.  At  prefenc 
we  (hall  only  add  the  following  obfcrvations 
upon  it ;  and  then  proceed  to  the  ufe  of  the  ce- 
leftial  globe. 

1 .  The  latitude  of  any  place  is  equal  to  the  eleva^ 
tion  of  the  pole  above  the  horizon  of  that  place ^ 
and  the  elevation  of  the  equator  is  equal  to  the  com^ 
plement  of  the  latitude,  that  is,  to  what  the  lati- 
tude wants  of  90  degrees. 

2.  Thofe  places  which  lie  on  the  equator,  have  no 
latitude,  it  being  there  that  the  latitude  begins ;  and 
thoje  places  which  lie  on  the  firfi  meridian  have  no 
longitude,  it  being  there  that  the  longitude  begins. 
Confequently,  that  particular  pl.cce  of  the  earth  wherd 
the  forji  meridian  int erf  eels  the  equator,  has  neither 
longitude  nor  latitude. 

3.  At  all  places  of  the  earth,  except  the  poles, 
all  the  points  of  the  compafs  may  be  diftinguifjed  in 
the  horizon :  but  from  the  north  pole,  every  place 
is  fouth  i  and  from  the  fcuth  pole,  every  place 
is  north.  Therefore,  as  the  fun  is  confiantly  above 
the  horizon  of  each  pole  for  half  a  year  in  its  turn, 
he  cannot  be  faid  to  depart  from  the  meridian  of 
either  pole  for  half  a  year  together.  Confequently, 
at  the  north  pole  it  may  be  faid  to  be  noon  every  mo- 
ment for  half  a  year  -,   and  let   the  winds  blow 

from  what  part  they  will,  they  mufi  always  blow 
from  the  Joutb  j    and  at  the  fouth  pole,  from-  the 
north. 

4.  Becaufe  one  half  of  the  ecliptic  is  above  the 
horizon  of  the  pole,  and  the  fun,  moon,  and  planets 
move  in  {or  nearly  in)  the  ecliptic ;  they  will  aU 

U  rife 
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rife  dftdjet  ic  ihepcUs.  BHt\  becaujs  the  floors  mvit 
€kmg€  their  d^dinaticns  frcm  the  equator  (ai  ies/f 
mt  JaifiHy  in  one  age)  tbofe  xvbkh  are  ma  shw 
the  horizon  of  either  pcie^  never  Jet  kelow  if-,  and 
ibnfe  U'bteh  are  erne  hd&w  it^  }7e^.'er  ri/e, 

5.  Aii  places  of  the  earth  d^  equally  enjey  fbe  he^ 
ftefit  of  the  fun^  in  rcJfctJ  e/  limej  md  are  equidfy 
deprived  of  it, 

6»  jIH  places  upon  the  equator  hcve  their  days 
md  nights  equally  khg,  thai  is^  1 1  hours  eaeb^  ai 
eill  titnes  of  the  year.  For  although  the  Jan  dcdines^ 
alternately^  from  the  equatcr  ic'ivard  the  ncrth  mid 
toward  thejoutbj  yei^  efs  the  horizon  of  the  efHa-- 
tor  cuts  all  the  parallels  of  latitude  and  deelinaiim 
in  halves^  the  fun  muft  always  continue  abtrce  tie 
horizon  for  one  half  a  diurnal  revoluiim  about  the 
earthy  and  for  the  other  half  iekw  it. 

7.  When  tbejun^s  declination  is  greater  them  the 
latitude  of  any  place  ^  upon  eitheryide  of  the  equator^ 
thejun  will  come  twice  to  the  fame  azimuth  or  print 
'  of  the  compafs  in  the  forenoon j  at  that  place^  and 
twice  to  a  like  azimuth  in  thf  afternoon  i  that  is, 
he  will  go  twice  hack  every  day,  while  his  decUna* 
tion  continues  to  be  greater  than  the  latitude.  Thus, 
Juppoje  the  globe  rcElified  to  the  latitude  of  Bafb^'- 
docs,  which  is  13  degrees  north  ;  and  the  Jim  to  he 
any  where  in  the  ecliptic,  between  the  middle  ef 
Taurus  and  middle  of  leo\  if  the  quadrant  of  al- 
titude he  Jet  to  about  1 8  degrees  *  north  of  theea/i 
in  the  horizon,  the  Jun^s  place  be  marked  with  M 
chalk  upon  the  ecliptic,  and  the  globe  be  then  turned 
wejiward  on  its  axis,  the  f aid  mari  will  rife  in  the 
horizon  a  little  to  the  north  of  the  ijuadrant,  and 
thence  afcending,  it  will  crofs  the  quadrant  toward 

*  From  the  middle  of  Gemini  to  the  middle  of  CiBcer» 
the  quadrant  may  be  fet  20  degrees. 
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thefouth ;  hut  hefore  it  arrives  at  the  meridian^  it 
Will  crojs  the  quadrant  again,  andpafs  over  the 
meridian  northward  of  Barbadoes/  jind  if  the' 
quadrant  he  fet  about  18  degrees  north  of  the  weft, 
thejun^s  place  will  crofs  it  twice,  as  it  difcends  from 
the  meridian  toward  the  horizon^  in  the  after-^ 
noon. 

8.  In  all  places  of  the  earth  hetween  the  equatof 
and  poles ^  the  days  and  nights  are  equally  long,  viz. 
1 2  hours  each,  when  the  fun  is  in  the  equiiioHial : 

f$r,  in  all  elevations  of  the  pole,  Jhort  of  90  degrees 
(which  is  the  great  eft  J  one  half  of  the  equator  or 
equinoSlial  will  be  above  the  horizon,  and  the  other 
half  below  it.  '  - 

9.  l^he  days  and  nights  are  never  of  an  equal 
Jength  at  any  place  between  t]be  equator  and  polar 
circles,  but  when  the  fun  enters  thejfigns  r  Jries  and 
A  libra.  For  in  every  other  part  of  the  ecliptic, 
the  circle  of  the  fun's  daily  motion  is  divided  into  two 
unequal  parts  by  the  horizon. 

10.  The  nearer  any  place  is  to  the  equator,  the 
Ufs  is  the  difference  between  the  length  of  the  days 
4md  nights  in  that  place-,  and  the  more  remote, 
the  contrary.  The  circles  which  the  fun  defcribes 
in  the  heaven  every  24  hours,  being  eut  more  nearly 
equal  in  the  former  cafe,  and  more  unequally  in  the 
latter. 

ir.  In  all  places  lying  upon  any  given  parallel 
of  latitude,  however  long  or  fhort  the  day  or  night 
he  at  any  one  of  thefe  places,  at  any  time  of  the 
year,  it  is  then  of  the  fame  length  at  all  the  reft  3 
for  in  turning  the  globe  round  its  axis  (when  re^li-^ 
fad  according  to  the  fun's  declination)  all  thefe 
places  will  keep  equally  long  above  or  below  the  ho-* 
rizofi. 

1 2.  The  fun  is  vertical  twice  a  year  to  every 

place  between  the  tropics ;  to  thofe  under  thi  tropics ^ 

U  a  onct 
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mee  a  year ^  but  never  mr  where  effe. '  Fcr, 
'  tan  h  no  place  Between  the  tropics^  hut  that  then 
•  will  k  tuwpmis  in  the  eciipiie^  wbofe  declinaim 
Jrtm  the  equator  is  equal  to  the  Imitude  cf  thai 
I  place  f  affd  i/ut  me  point  of  the  ecliptic  which  hdi 
.a  deciinatian  equal  to  the  latitude  §/  places  $n  the 

tropic  wbicb  that  pant  of  thi^  ecliptic  f€uches  i  mii^ 
\  *  as  the  fun  never  x^es  ivitbcut  the  tropics^  he  a 

,fiever  k  vertical  to  my  pkci  that  lies  wihottt 

them. 

13,  fj?  all  places  in  the  torrid  mnt  *,  ihe  dura- 
'  iion  of  the  twilight  is  leajl^  hecauje  the  Jmis 

motion  is  the  mq^  perpendicular  to  the  horizom 
the  frigid  zones  f ,  ^rerJeJl ;  hecmife  the  fun^s 
.  motion  is  nearly  parallel  to  the  horizon ;  and  there- 
fore  he  is  the  longer  of  getting  18  degrees  below  it^ 
Jill  which  time  the  twilight  always  continues. 
And  in  the  temperate  zones  J  //  is  at  a  mecRttm  be^ 
tween  the  two,  becaufe  the  obliquity  of  the  fwCs 
daily  motion  is  fo. 

14.  In  all  places  lying  exaSfly  under  the  polar 
circles,  the  fun,  when  he  is  in  the  near  eft  tropic, 
continues  24  hours  above  the  horizon  without  fet^ 

-ting  5  becaufe  no  part  of  that  tropic  is  below  their 
horizon.  And  whe)i  the  fun  is  in  the  fartbefi 
tropic,  he  is  for  the  fame  length  of  time  without 
rifing  \  becaufe  no  part  of  that  tropic  is  above  their 
horizon.  But,  at  all  other  time's  of  the  year,  be 
rifes  andfets  there,  as  in  other  places ;  becaufe  all 
the  circles  that  can  be  drawn  parallel  to  the  equator, 
between  the  tropics,    are  more  or  lefs  cut  by  the 

.  horizon,  as  they  are  farther  from,  or  nearer  to, 
that  tropic  which  is  all  above  the  horizon:  and 

•  Between  the  tropic.<. 

t  Between  the  polar  circles  and  poIe$« 

X  Between  the  tropics  and  polar  circles. 

when 
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%;hin  the  fun  is  not  in  either  of  the  tropics y  bis 
diurnal  courfe  mujl  be  in  one  or  other  of  thefe 
circles. 

15.  7(7  all  places  in  the  northern  hemifphere^. 
from  the  equator  to  the  polar  circle^  the  longeft  day 

and  fhortefi  night  is  when  the  fun  is  in  the  northern 
tropic  \  and  the  Jhorteji  day  and  longeft  night  is 
when  the  fun  is  in  the  fouthem  tropic  j  becaufe  no 
circle  of  the  fun's  daily  motion  isfo  much  above  the 
*  horizon  J  andfo  little  below  it,  as  the  northern  tro-- 
pic  i  and  none  fo  little  above  it,  andfo  much  below 
it^  as  thefouthern.  In  thefouthern  hemifphere,  the 
contrary. 

16.  /;/  all  places  between  the  polar  circles  and 
poles,  the  fun  appears  forfome  number  of  days  {or 
rather  diurnal  revolutions)  without  fetting  \  and  at 
the  oppofite  time  of  the  year  without  rtftng ;  becaufe 
fome  part  of  the  ecliptic  never  fets  in  the  former 
cafe,  and  as  much  of  the  oppofite  part  never  rifes  in 
the  latter.  And  the  nearer  unto,  or  the  more  re- 
mote  from  the  pole,  thefe  places  are,  the  longer  or 

fhorter  is  the  fun's  continuing  prefence  or  abfence. 

i^.  If  a  fhip  fets  cut  from  any  port,  and  fails 
round  the  earth  eaftward  to  the  fame  port  again, 
let  her  take  what  time  flje  will  to  do  it  in,  the 
people  in  that  fljip,  in  reckoning  their  time,  will 
gain  one  complete  day  at  their  return,  or  count  one 
day  more  than  thefe  who  refide  at  the  fame  port ; 
becaufe,  by  going  contrary  to  the  fun's  diurnal  motion, 
.  and  being  forwarder  every  evening  than  they  were 
in  the  morning,  their  horizon  will  get  fo  much  the 
Jboner  above  the  fetting  fun,  than  if  they  had  kept 
for  a  whole  day  at  any  particular  place.  And  thus, 
by  cutting  off  a  part  proportionable  to  their  own 
motion,  from  the  length  of  every  day,  they  will 
gain  a  complete  day  of  that  fort  at  their  return  \ 
wtbout  gaining  one  mome)it  of  abfolute  time  more 
U  3  than 
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/  tian  if  ihpfid  daring  ibcir  cmtrfi^  H  the  jw^?pif  ai 
the  per i.  If  thiyjml  wejiward^  ibey  wUl  redm 
cne  day  iefs  ibm  the  peopk  do  whc  refide  ai  the 
Jaid  fcrft  kecauft^  hy  gradually  fiilewmg  the  ap- 
fareitt  diurnal  m$iim  ef  the  Jun^  tb^  miU  k^ 
him  eucij  pmtkular  dayfo  much  longer  aittve  their 
berizoif  ^j  anfivers  io  thai  day*s  lourfei  and  fy 
that  mmnsj'  they  cut  of  a  whk  day  in  nchnmg^ 
is/  their  return^  witbmt  h/ing  ^ne  moment  of  ai* 
Jcbite  time, 

Hencfi  if  twa  pips  pmld  Jti  out  ai  iht  fame 
tMi  frcm  a^  pcrtt  md  fmi  i&und  the  gkie^  qm 
V  eajiwmd  and  the  other  wefticnrd^  fa  as  la  meet  at 
the  fame  port  on  am  day  whatever  \  they  wiiJ  differ 
two  days  in  reckoning  their  fime,  at  their  return. 
If  tbey  fail  twice  round  the  earthy  they  will  differ 
four  days  y  if  thrice^  tbenftx^  &V. 

L  E  C  T.    JX, 

The  life  of  the  celeflial  gloie,    and  anmllmy 
fpbere. 

T^eceh/'  TT  AVING  done  for  the  prefent  with  Ac 
fiaf^tobe.  J^  terreftrial  globe,  we  (hall  proceed  to  dc 
ufe  of  the  ccleftial  i  firft  premifing,  that  as  the 
equator,  ecliptic,  tropics,   polar   circles,    hori- 
zon, and  brafen  meridian,  are  exa<5tly  alike  on 
both  globes,  all  the  fornner  problems  concem- 
ing  the  fun  are  folved  the  fame  way  by  both 
Torec-    globes.      The   method   alfo  of  rc6hfying   die 
^O'  1^      celeflial  globe  is  the  fame  as  reAifying  thr  to<- 
reftrial,  viz.  Elevate  the  pole  according  to  -die 
latitude  of  your  place,  then  fcrcw  the  quadrant 
of  altitude  to  the  zenith,  on  the  braft  mcridiw; 
bring  the    fun's  place   in  the  ecliptic  to  the 
graduated  edge  of  the  brais  ineridiaDj  on  the 
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fide  which  is  above  the  fouth  point  of  t(ic  wooden 
horizon,  and  fct  the  hovir-index  to  the  upper- 
mod  XJI,  which  ftands.for  noon. 

N.  B.  The  fua's  place  for  any  day  of  the  year 
ftands  direftly  over  that  day  on  the  horizon  of 
the  celeftial  globe,  as  it  docs  on  that  of  the  ter- 
reftrial. 

The  latitude  and  longitude  of  the  ftars,  and  o{LatUuJi 
all  other  celeftial  phenonnena,  are  reckoned  in  a  ^"^  ^^"^'" 
very  different  manner  from   the    latitude   and  (hcV^ir/. 
longitude  of  places  on  the  earth :  for  all  terref- 
trial  latitudes  are  reckoned  from  the  equator;     " 
and  longitudes  from  the  meridian  of  fomc  re- 
markable place,  ?&  of  London  by  the  Britilh, 
and  of  Paris  by  the  French ;  though  moft  of 
the  French  maps  begin  their  longitude  at  the 

meridian  of  the  iQand  i'Vr^. But  the  aftro- 

nomers  of  all  nations  a^rec  in  reckoning  the 
latitudes  of  the  moon,  ftars,  planets,  and  comets, 
from  the  eclipic  \  and  their  longitudes  from  the 
equinoSlial  colure  *,  in  that  femicircle  of  it  which . 
cuts  the  ecliptic  at  the  beginning  of  Aries  v  ; 
and  thence  eaftward,  quite  round,  to  the  fame 
femicircle  again.  Confequently  thofe  ftars  which 
lie  between  the  equinoftial  and  the  northern 
half  of  the  ecliptic,  have  north  declination  aqd 
fouth  latitude  i  thofe  which  lie  between  the  * 
cquinoftial  and  the  fouthern  half  of  the  ecliptic, 
have  fouth  declination  and  north  latitude ;    and 


*  The  great  circle  that  pafTes  throagh  the  equinoSial 
points  at  the  beginning  of  qp  and  ^,  and  through  the/o/f/ 
p/ihe  'woriJ  (which  are  two  oppofice  points,  each  90  de^ 
grees  from  the  equinodial)  is  called  the  equinodial  colure  :  Colures* 
and  i\it  great  circle  that  paiTes  through  the  beginning  ofqB 
and  Vf ,  and  alfo  through  the  poles  of  the  ecliptic,  and  poles 
of  the  worldj  it  called  the  /olfiitiai  colure. 
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all  thofe  which  lie  between  the  tropics  and  pokt^ 
have  their  declinations  and  latitixtes  of  the  fiune 

denomination. 

There  are  fix  great  circled  on  die  cckftial 
globe,  which  cut  the  ecliptic-  perpcndicularify 
and  meet  in  two  oppofitse  pomts  in  die  polar 
circles;  which  points  are  each  ninety  dq^rees 
from  the  ecliptic,  and  are  called  its  pedes.. 
Thefe  polar  points  divide  thofe  cirdies  into  la 
femicircles ;  which  cut  the  ecliptic  at  the  begin- 
nings of  the  12  figns.  They  refemble  fo  nianf 
tneridians  on  the  terreftrial  globe  j  and  as  afl 
places  which  lie  under  any  particular  meridian 
femicircle  on  that  globe,  have  the  lame  longi- 
tude, fo  all  thofe  points  of  the  heaven,  through 
which  any  one  of  the  above  femicircles  arc 
drawn,  have  the  fame  longitude. — And  as  the 
grcateft  latitudes  on  the  earch  are  at  the  north 
and  fonth  poles  of  the  earth,  fo  the  greateft  lati- 
tudes in  the  heaven,  are  at  the  north  and  fouth 
•  poles  of  the  ecliptic. 
tlonftclla-  1"  order  to  diftinguifti  the  ftars,  with  regard 
tions.  to  their  fituations.  and  pofitions  in  the  heaven, 
the  ancients  divided  the  whole  vifible  firmament 
of  ftars  into  particular  fyftems,  which  they  called 
conjiellatiovs  \  and  digefted  them  into  the  forms 
of  fuch  animals  as  are  delineated  upon  the  celcfr- 
tial  globe.  And  thofe  ftars  which  lie  between 
the  figures  of  thofe  imaginary  animals,  and  could 
not  be  brought  within  the  compafs  of  any  of 
them,  were  called  unformed  ftars. 

Becaufe  the  moon  and  all  the  planets  were 
obferved  to  move  in  circles  or  orbits  which  crofs 
the  ecliptic  (or  line  of  the  fun's  path)  at  fmall 
angles,  and  to  be  on  the  north  fide  of  the  eclip- 
tic for  one  half  of  their  courfe  roiuid  the  hea- 
ven of  ftars,  and  on  the  fouth  fide  of  it  for  the 

odicr 
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other  half,  but  never  to  go  quite  8  degrees  from 
it  on  either  fide,  the  ancients  diftinguiflied  that 
fpace  by  two  lefler  circles,  parallel  to  the  ecliptic 
(one  on  each  fide)  at  8  degrees  diftance  fronn  it. 
And  the  fpace  included  between  the  circles, 
they  called  the  zodiac,  becaufe  mofl:  of  the  1 2  Zodiac. 
conftellations  placed  therein  refeniblc  fome  living 
creature. — Thefe  conftellations  are,  i.  Aries  <r, 
the  ram^  2.  "Taurus  b,  the  bull;  3.  Gemini  n, 
the  twins;  4.  Cancer  ss,  the  crab;  5.  Leo  a, 
the  lion ;  6.  Virgo  ^R,  the  virgin ;  7.  TJhra  ^, 
the  balance;  8.  Scorpio  m,  the  fcorpion;  9.  Sa- 
gittarius ty  the  archer;  10.  Capriconius'yf,  the 
goat;  II.  Aquarius  ;r,  the  water-bearer;  and 
12.  Pifces  X,  the  fifties. 

It  is  to  be  obferved,  that  in  the  infancy  of  Remark, 
aftronomy,  thefe  twelve  conftellations  ftood  at 
or  near  the  places  of  the  ecliptic,  where  the 
above  charafteriftics  are  marked  upon  the  globe: 
but  now,  each  conftellation  has  got  a  whole  fign 
forwarder,  on  account  of  the  receflion  of  the 
equino6kial  points  from  their  former  places.  So 
that  the  conftellation  of  Aries,  is  now  in  the 
former  place  of  Taurus;  that- of  Taurus,  in  the 
former  place  of  Gemini ;  and  fo  on. 

The  ftars  appear  of  different  magnitudes  to 
the  eye ;  probably  becaufe  they  are  at  different 
diftances  from  us.  Thofe  which  appear  brighteft 
•and  largeft,  are  ciiltd  Jiars  of  thefirfi  magnitude; 
the  next  to  them  in  fize  and  luftre,  are  called 
Jiars  of  the  Jecond  magnitude ;  and  fo  on  to  the 
Jixth,  which  are  the  fmalleft  that  can  be  difcern- 
ed  by  the  bare  eye. 

Some  of  the  moft  remarkable  ftars  have  names 
given  them,  as  Cafior  and  Pollux  in  the  heads  of 
the  Tlvins,  Sirius  in  the  mouth  of  the  Great 
Dog,  Procyon  in  the  fide  of  the  Uttle  Dog,  Rigel 

in 
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in  the  left  foot  of  Orwn^  ArBurus  near  the  rigjk 
thigh  of  Bootes^  &c. 

Thefe  things  being  prenufed,  which  I  think 
are  all  that  die  young  Tyra  need  be  acquainted 
with,  before  he  begins  to  work  any  probkm  by 
this  globe,  we  Ifaall  now  proceed  to  the  moft 
ufeful  of  chofe  problems ;  omitting  fevcral  which  - 
are  of  little  or  no  confequence. 

P  R  O  B  L  E  M    I. 

^Orjmd  the  rigbi  afceii/m  *  and  decUnaiim  f  rftbi 
JuHy  or  mtf  fixed  Jlar. 

Bring  the  fun's  place  in  the  ecliptic  to  the 
brafen  meridian,  then  that  degree  in  the  equi- 
fio6tial  which  is  cut  by  the  meridian,  is  the  fun's 
ri^bt  aJcenfion\  and  that  degree  of  the  meridian 
which  is  over  the  fun's  place,  is  his  declination. 
Bring  any  fixed  ftar  to  the  meridian,  and  its  right 
ajccnjion  will  be  cut  by  the  meridian  in  the  equi- 
noftial ;  and  the  degree  of  the  meridian  that 
^         ftands  over  it,  is  its  declination. 

So  that  right  ajccnfion  and  declination^  on  the 
celeftial  globe,  are  found  in  the  fame  manner  as 
longitude  and  latitude  on  the  terreftrial. 

•  The  degree 'of  the  eqaino^ial»  reckoned  from  the  bt- 
ginning  of  Arits,  that  comes  to  the  meridian  with  the  fiia 
or  ftar»  is  its  right  a/ceufion. 

-f  The  diftanre  of  the  fun  or  ftar  in  degrees  from  the 
equinoAial,  toward  either  of  the  poles,  noith  or  fouth,  is 
its  declination,  which  is  north  or  fouth  accordingly. 
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PROBLEM    II. 

To  find  the  latitude  and  longitude  of  any  fiar. 

If  the  given  ftar  be  on  the  north  fide  of  the 
ecliptic,  place  the  90th  degree  of  the  quadrant 
of  altitude  on  the  north  pole  of  the  ecliptic, 
where  the  twelve  femicircles  meet;  which  di- 
vide the  ecliptic  into  the  1 1  figns :  but  if  the 
ftar  be  on  the  fouth  fide  of  the  ecliptic,  place' 
the  90th  degree  of  the  quadrant  on  the  fouth 
pole  of  the  ecliptic :  keeping  the  90th  degree  of 
the  quadrant  on  the  proper  pole,  turn  the  qua- 
drant about,  until  its  graduated  edge  cuts  the 
ftar :  then,  the  number  of  degrees  in  the  qua- 
drant, between  the  ecliptic  and  th»  ftar,  is  its 
latitude ;  and  the  degree  of  the  ecliptic  cut  by 
the  quadrant  is  the  ftar's  longitude,  reckoned 
according  to  the  fign  in  which  the  quadrant 
then  is. 

PROBLEM    in. 

To  reprefent  the  face  of  the  ftarry  firmament  j  asfeen 
from  any  given  place  of  the  earthy  at  any  hour  of 
the  night. 

Reftify  the  celeftial  globe  for  the  given  lati- 
tude, the  zenith,  and  fun's  place,  in  every  re- 
fpeft,  as  taught  by  the  17  th  problem,  for  the 
terreftrial;  and  turn  it  about,  until  the  index 
points  to  the  given  hour :  then,  the  upper  he- 
mifphere  of  the  globe  will  reprefent  the  vifiblc 
iialf  of  the  heaven  for  that  time :  all  the  ftars 

upon 
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upon  the  globe  being  then  in  fuch  fituations,  as 
exaftly  correfpond  co  thofc  in  the  heaven*  And 
if  the  globe  be  placed  duly  north  and  fouth,  by 
.  .  .  means  of  a  fmall  Ica-connpals,  every  ftar  on  the  - 
globe  will  point  toward  the  like  ftar  in  the  hca-  f 
,ven :  by  which  meansj  the  conftellatiooi  and 
j-e  mark  able  ftars  may  be  eafily  known^  AU 
thofe  ftars  which  are  in  the  eaftern  fide  of  the 
lioiizon,  are  then  rifing  in  the  eaftern  fide  of 
.  ,the  heaven:  all  in  the  weflern,  are  letting  in 
.the  wcftern  fide ;  and  all  thofe  under  the  upper 
part  of  the  brafen  meridian,  between  the  fouth 
•point  of  the  horizon  and  the  north  pole,  arc  at 
their  greateft  akitudej  if  the  latitude  of  the 
place  be  north :  but  if  the  latitude  be  fbuth, 
thofe  ftars  which  lie  under  the  upper  part  of  the 
meridian,  between  the  north  point  of  the  hori- 
zon and  the  fouth  pole,  are  at  their  greateft 
altitude, 

P  R  O  B  L  E  M    IV. 

The  latitude  cf  the  place,  and  day  of  the  month 
being  given ;  to-jind  the  time  when  awy  known 
ftar  will  rijey  or  be  on  the  meridian^  or  Jet. 

Having  reftified  the  globe,  turn  it  about  un- 
til the  given  ftar  comes  to  the  eaftern  fide  of  the 
horizon,  and  the  index  will  (hew  the  time  of 
the  ftar's  rifing ;  then  turn  the  globe  weftward, 
and  when  the  ftar  comes  to  the  brafen  meridian, 
the  index  will  fliew  the  time  of  the  flar*s  coming 
to  the^  meridian  of  your  place ;  laftly,  turn  on, 
until  the  ftar  comes  to  the  weftern  fide  of  the 
horizon,  and  the  index  will  flicw  the  time  of 
the  ttar's  fetting. 

N.  B. 
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K.  B.  In  northern  latitudes,  thofe  ftars  which 
are  lefs  diftant  from  the  north  pole,  than  the 
iquantity  of  its  eleviation  above  the  north  point 
of  the  horizon,  never  fet ;  and  thofe  which  are 
lefs  diftant  from  the  fouth  pole,  than  the  num- 
ber of  degrees  by  which  it  is  deprefled  below 
the  horizon,  never  rife :  and  vice  verfd'm  fouthern 
latitudes. 

PROBLEM    V. 

To  find  at  what  time  of  the  year  a  given  Jiar  will 
be  upon  the  meridiany  at  a  given  hour  of  the 
night. 

0 

Bring  the  given  ftar  to  the  upper  femicircle 
of  the  brafs  meridian,  and  fet  the  index  to 
the  given  hourj  then  turn  the  globe,  until  the 
index  points  to  XII  at  noon,  and  the  upper  fe- 
micircle of  the  meridian  will  then  cut  the  fun's 
place,  anfwering  to  the  day  of  the  year  fought ; 
which  day  may  be  eafily  found  againft  the  like 
place  of  the  fun  among  the  figns  on  the  wooden 
.  horizon, 

PRO  B  L  EM     VI. 

The  latitudey  day  of  the  nicnthy  and  azimuth  *  of 
any  known  Jlar  being  given  i  to  find  the  hour  of 
the  night. 

Having  reftificd  the  globe  for  the  latitude, 
zenith,  and  fun's    places    lay  the,  quadrant   of 

•  The  number  of  degrees,  that  the  fan,  moon,  or  any 
ftar,  IS  from  the  meridian,  cither  to  the  call  or  well,  is 
called  its  axtmutb, 

altitude 
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hi  ti  rude  to  the  given  degree  of  azimuth  in  the  ho- 
rizon :  then  turn  the  globe  on  its  axis,  until  the 
ftar  comes  to  the  graduated  edge  of  the  qua* 
draiitj  and  when  it  does,  the  index  will  point 
out  the  hour  of  the  night* 


PROBLEM     VII, 

Thi  iatsmde  nf  the  fhce^  the  d^y  cf  the  mmth^  end 
altitude  *  of  any  kno'Ujn  Jiar^  kemg  given  \  Sq 
jiitd  the  bmr  of  the  nights  I 

Reflify  the  globe  as  in  the  former  problem, 
gucfs  at  the  hour  oC  the  night,  and  turn  the 
globe  until  the  index  points  at  the  fuppofed 
hour  I  then  lay  the  graduated  edge  of  the  qua- 
drant of  altitude  over  the  known  ftar,  and  if  fhc 
degree  of  the  ftar's  height  in  the  qu4drant  upon 
the  globe,  anfwers  exaftly  to  the  degree  of  the 
ftar's  obferved  altitude  in  the  heaven,  you  have 
gueffed  exaftly  :  but  if  the  ftar  on  the  globe  is 
higher  or  lower  than  it  was  obferved  to  be  in  the 
heaven,  turn  the  globe  backward  or  forward^ 
keeping  the  edge  of  the  quadrant  upon  the  ftar» 
until  its  center  comes  to  the  obferved  altitude  in 
the  quadrant ;  and  then,  the  index  will  fliew  the 
true  time  of  the  night. 

•  The  number  of  degrees  that  the  ftar  is  above  the  hort- 
zoQ,  ns  obferved  by  means  of  a  eommon  qaadraat^  is-calki  . 
its  altitude. 


PRO- 
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PROBLEM    VIII. 

Ai  eafy  method  for  finding  the  hour  of  the  night  by 
any  two  known  fiars,  without  knowing  either 
their  altitude  or  azimuth  \  and  then^  of  finding 
both  their  altitude  and  azimuth ^  and  thereby  the 
true  meridian. 

Tie  one  end  of  a  thread  to  a  conamon  muflcet 
bullet  J  and,  having  redlified  the  globe  as  above, 
hold  the  other  end  of  the  thread  in  your  hand, 
and  carry  it  flowly  round  between  your  eye  and 
the  ftarry  heaven,  until  you  find  it  cuts  any  two 
known  ftars  at  once.     Then,    guefling  at  the         '^ 
hour  of  the  night,  turn  the  globe  until  the  index 
points  to  the  time  in  the  hour-circle;    which 
done,  lay  the  graduated  edge  of  the  quadrant 
over  any  one  of  thefe  two  ftafrs  on  the  globe, 
which  the  thread  cut  in  the  heaven.     If  the  faid 
edge  of  the  quadrant  cuts  the  other  liar  alfo,  you 
have  gueffed  the  time  exadly;    but  if  it  does 
not,   turn  the  globe   flowly  backward    or  for» 
ward,  until  the  quadrant  (kept  upon  either  ftar) 
cuts  them  both  through  their  centers :  and  then, 
the  index  will  point  out  the  exadt  time  of  the 
night ;  the  degree  of  the  horizon,  cut  by  the 
quadrant,  will  be  the  true  azimuth  of  both  thefe 
ftars  from  the  fouth;  and  the  ftars  themfelves 
will  cut  their  true  altitudes  in  the  quadrant.    At 
which  moment,  if  a  common  azimuth  compafs 
be  fo  fet  upon  a  floor  or  level  pavement,  that 
thefe  ftars   in  the  heaven  may  have  the  fame 
bearing  upon  it   (allowing  for  the  variation  of 
the  needle)  as  the  quadrant  of  altitude  has  in  the 
wooden  horizon  of  the  globe,  a  thread  extended 
over  the  north  and  ibuth  points  of  that  compafs 

will 
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will  be  dircftly  in  the  plane  of  the  meridian: 
and  if  a  line  be  drawn  upon  the  floor  or  pave- 
ment, along  the  courfe  of  the  thread,  and  an 
upright  wire  be  placed  in  the  finithemnnoft  end 
of  the  line,  the  fliadow  of  the  wire  vnll  fall  upon 
that  line,  when  the  fun  is  on  the  meridian,  and 
ihines  upon  the  pavement. 

PROBLEM     IX. 

TV  find  the  place  of  the  moon^  or  of  OHf  pUmei% 
and  thereby  to  fbew  the  time  rf  its  riJmg^foKih^ 
ingy  and  fet ting. 

Seek  in  the  Nautical  Almanac  or  Whitest 
Ephemeris,  the  geocentric  place  *  of  the  moon 
or  planet  in  the  ecliptic  for  the  given  day  of  the 
month,  and,  according  as  its  longitude  and  lati- 
tude is  found,  mark  the  fame  with  a  chalk 
■  upon  the  globe.  Then,  having  reftified  the 
globe,  turn  it  round  its  axis  wettward ;  and  as 
the  faid  mark  comes  to  the  eaftern  fide  of  the 
horizon,  to  the  brafen  meridian,  and  to  the 
weftern  fide  of  the  horizon,  the  index  will  fliew 
at  what  time  the  planet  rifes,  comes  to  the  me- 
ridian, and  fets,  in  the  fame  manner  as  it  would 
do  for  a  fixed  ftar. 

PROBLEM    X. 

To  explain  the  phenomena  of  the  harvefi  mccn. 

In  order  to  do  this,  we  muft  premife  the  fol- 
lowing things:    i.  That  as  the  fun  goes  only 

•  The  place  of  the  moon  or  planet,  as  fccn  from  the 
earthy  is  called  its  geocentric  place. 

ORCC 
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Once  a  year  round  the  ecliptic,  he  can  be  but 
6nce<A  year  in  any  particular  point  of  it:  and 
that  his  motion  ii  atmoft  a  degree  every  24 
hours^  at  a  mean  rate^  2.  That  as  the  moon 
goes  round  the  ecliptic'  once  in  27  days  and  8 
hours,  fhc  advances  13^  degrees  irt  it>  every 
day  at  a  mean  rate.  3.  That  as  the  fun  goes 
through  partof'theediptic  in  t(>e  time  the  moon 
goes  round  it,  the  modn  cannot  at  any  time  be 
either  in  conjun£Hon  with  the  fun,  or  oppofite 
to  himj  in  that  part  of  the  ecliptic  where  flie  was 
£>  the  1^  time  before ;  but  mud  travel  as 
much  forwarder^  as  the  fun  has  advanced  in  the 
laid  time :  which  being  29^  days,  makes  almofl: 
a  whole  fign.  Therefore,  4.  The  moon  can  be 
t>ut  once  a  year  oppofite  to  the  (Tin,  in  any 
particular  part  of  the  ecliptic.  5.  That  the 
moon  is  never  full  but  when  (he  is  oppofite  to 
the  fun,  becaufe  at  no  other  time  can  we  fee  all 
that  half  of  her,  which  the  fun  enlightens*  6.  That 
when  any  point  of  the  ecliptic  riles,  the  oppofite 
point  fets.  Therefore,  when  the  moon  is  oppo- 
fite to  die  fun,  (he  muft  rife  at  *  fun  (ct.  7.  That 
the  different  figns  of  the  ecliptic  rife  at  very  dif- 
ferent angles  or  degrees  of  obliquity  with  the 
horizon^  efpecially  in  confiderable  latitudes ;  and 
that  the  fmaller  this  angle  is«  the  greater  is  the 
portion  of  the  ecliptic  that  rifes  in  any  fmall  part 
of  time;  2^d  vi€e "Verfd.  8^  That,  in  northern 
latitudes^  no  part  of  the  ecliptic  rifes  at  fo  fmall 
an  angle  with  the  horizon,  as  Pifces  and  Aries  do  1 
therrfore,  a  greater  portion  of  the  ecliptic  rifes  in 

•  This  is  not  always  ftri£llf  true,  becaufe  the  moon  does 
liot  keep  ia  the  ecliptic^  but  erodes  it  twice  cfvery  month. 
However,  the  difference  need  not  be  regarded  in  a  generarl 
explanation  af  the  catffe  of  the  barvefl  raooa. 

X  one 
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one  hour,  about  thefe  figiis>  draft  about  tn^  t§ 
the  .reft,  9.  That  the  moon  can  never  brfidi 
in  Pifces  and  j&ies  but  in  our  aiMonHud  inonAsi 
for  at  no  other  time  of  the  jctUt  h  ^  fiui  in  Ae 
oppoHte  liens  yirgo  and  Zimi. 

Thefe  mings  premiledi  take  fj^  dtgreei'  «f 
the  ecliptic  in.  your  compalTes,  and  begiantng  at 
Pt/cesy  cany  that  extent  all  round  die  ed^oct 
marking  the  places  with  a  chalk>  where  the  poiiNa 
of  the  compi^fea  fijcceffiyeljr  faB.  So  fou  wA 
have  the  moon's  duly  motion  marked  out  fev 
one  complete  revolution  in  the  ecliptic  s  accoid* 
ing  to  §  2  of  the  laft  paragraph.    - 

RcAify  the  globe  for  any  confiderablc  northern 
latitude  Tas  fuppofe  that  of  London)  and  then, 
turning  the  globe  round  its  axis,  obferve  how 
much  of  the  hour  circle  the  index  has  gone  over, 
at  the  rifmg  of  each  particular  mark  on  the 
ecliptic ;  and  you  will  find  that  feven  of  the 
marks  (which  take  in  as  much  of  the  ecliptic  as 
the  moon  goes  through  in  a  week)  will  all  rife 
fiicccflivcly  about  Pifces  and  Aries  in  the  time 
that  the  index  goes  over  two  hours.  Therefore, 
while  the  moon  is  in  Pifces  and  Aries,  (he  will  not 
differ  in  general  above  two  hours  in  her  rifing 
for  a  whole  wetk.  But  if  you  take  notice  of 
the  marks  on  the  oppofite  figns,  Urgo  find  Uira, 
you  will  find  that  feven  of  them  take  nine  hours 
to  rife ;  which  (hews,  that  when  the  moon  is  in 
thefe  two  figns,  (he  differs  nine  hours  in  her 
rifing  within  the  compafs  of  a  week.  And  (b 
much  later  as  every  mark  is  of  rifing  than  the 
one  that  rofc  next  before  it,  fo  much  later  will 
the  moon  be  of  rifing  on  any  day  than  (he  was  on 
the  day  before,  in  the  corrcrp:)nding  part  of  the 
heaven.  The  marks  about  Cancer  and  Capricorn 
9  ri.e 
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rile  at  a  mean  diflTerence  of  time  between  thofe 
about  Aries  and  Dbra. 

Now,  although  the  moon  is  in  Ptfces  and  Aries 
every  month,  and  therefore  muft  rife  in  thofe 
ligns  within  the  fpace  of  two  hours  later  for  a 
whole  week,  or  only  ab9ut  17  minutes  later 
every  day  than  (he  did  on  the  former  i  yet  (he 
16  never  full  in  thefe  figns,  but  in  our  autumnal 
months,  Auguft  and  September y  when  the  fun  is  in 
Virgo  and  Libra.  Therefore,  no  full  moon  in 
the  year  will  continue  to  rife  fo  near  the  time  of  • 
fiin  fet  for  a  week  or  fo,  as  thefe  two  full  moons 
do,  which  fall  in  the  time  of  harvefl. 

In  the  winter  months,  the  moon  is  in  Tijces 
and  ^>^  about  her  firft  quarter;  and  as  thefe 
ligns  rife  about  noon  in  winter,  the  moon's  rifing 
in  them  pafles  uriobferved.  In  the  fpring  months, 
die  moon  changes  in  thefe  figns,    and  confe- 

3uently  rifes  at  the  fame  time  with  the  fun ;  fo 
lat  it  is  impoffible  to  fee  her  at  that  time.  In 
die  fummer  months  fhe  is  in  thefe  figns  about 
her  third  quarter,  and  rifes  not  until  mid-night, 
when  her  rifing  is  but  very  little  taken  notice 
6f ;  efpecially  as  (he  is  on  the  decreafe.  But  in 
die  harveft  months  (he  is  at  the  full,  when  in 
dicfe  figns,  and  being  oppofite  to  the  fun,  fhe 
rifes  when  the  fun  fets  (or  foon  after)  and  fhincs 
all  the  night. 

In  fouthem  latitudes,  Virgo  and  Libra  rife  at  as 
fmall  jangles  with  the  horizon,  as  Pijces  and  Aries 
do  in  the  northern ;  and  as  our  fpring  is  at  the 
tirtie  of  their  harveft,  it  is  plain  their  harveft  full 
moons  muft  be  in  Virgo  and  Ubra\  and  will 
tiierefore  rife  with  as  little  difference  of  time,  as 
ours  do  in  Pijces  and  Aries. 

X  2  For 


For  «  (bUdr  account  of  this 
refer  the  reader  to  my  Aiirooomy^r  in 
is  defcrtbed  at  large; 

'.*     *.  ' 

P  R  O  B  L  E  M    XL 

I 

T0  explain  tbi  iquatitm  oftimit  if  dfffamfi  rfMm, 
bePuHmwiUrigHlatei  d»cks  ^dttmpM-H^^  • 

«  The  parth's  motion  (m  its  atis'  betng  petfeQIy, 
tfquabtej  and  thereby  cauling  an  appaitot  equabki 
motion  of  the  ftarry  heaven  rowid  the  fioAC  vk% 
produced  to  the  poles  of  the  heaven  \  it  is  phin 
that  equal  portions  of  the;  celeftial  equator  pafi 
over  the  meridian  in  equal  parts  of  time,  be- 
caufe  the  axis  of  the  world  is  perpendicular  to 
the  plane  of  the  equator.  And  therefore,  if  the 
(un  kept  his  annual  courfe  in  the  celeftial  equa- 
tor, he  would  always  revolve  from  the  meridian 
to  the  meridian  again-  in  24  hours  cxadUy,  as 
(hewn  by  a  well-regulated  clock. 

But  as  the  fun  moves  in  the  ecliptic,  which  is 
oblique  both  to  the  plane  of  the  equator  and  axis 
of  (he  world,  he  cannot  always  revdve  from  the 
meridian  to  the  meridian  again  in  24  equal  hours; 
but  (bmetimes  a  licde  fooner,  and  at  other  times 
a  little  later,  becaufe  equal  portions  of  the  eclip- 
tic pafs  over  the  meridian  m  unequal  parts  of 
time  fn  account  of  its  obliquity.  And  this  dif« 
ference  is  the  fame  in  all  latitudes. 

To  (hew  this  by  a  globe,  make  chalk-marks 
all  round  the  equator  and  eclipdc,  at  equal 
diilances  rrom  one  another  (fuppofe  10  degrees) 
beginning  at  Jries  or  at  Lihra^  where  tbefc  two 
circles  intcriedt  each  other.      Then  turn  the 

gbbc 
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globe  round  its  axis,  and  you  will  fee  that  all  the 
marks  in  •  the  firft  quadrant  of  the  ecliptic,  or 
from  the  beginning  of  Aries  to  the  beginning  of 
Cancer^  connc  fooncr  to  the  brafen  nneridian  than 
their  correfponding  marks  do  on  the  equator  i 
thofe  on  the  fecond  quadrant,  or  from  the  be- 
ginning of  Cancer  to  the  beginning  of  Lihra^ 
come  later:  thofe  in  the  third  quadrant,, fix>m 
Libra  to  Capricorn^  fooner;  and  thofe  in  the 
fourth",  from  Capricorn  to  Aries^  later.  But  thofe 
at  the  beginning  of  caCh  quadrant  come  to  the 
meridian  at  the  fame  time  with  their  correfpond- 
'  Ing  marks  on  the  equator. 

Therefore,  while  the  fiin  is  ih  the  firft  and 
third  quadrants  of  the  ecliptic,  he  comes  fooner 
to  the  meridian  every  day  than  he  would  do  if 
he  kept  in  the  equator  \  and  conftquently  lie  is 
fader  than  a  well  regulated  clock,  which  always 
keeps  .equable  or  equatorial  time :  and  while  he 
)S  in  the  iecohd  and  fourth  quadrants,  he  comes 
later  to  the  meridian  every  day  than  he  would 
do  if  he  kept  in  the  equator ;  and  is  therefore 
flower  than  the  clock.  But  at  the  beginning  of 
each  quadrant,  the  fun  and  clock  are  equal 

And  thus,  if  the  fun  moved  equably  in  the 
ecliptic,  he  would  be  equal  with  the  clock  on 
four  days  of  the  year,  which  would  have  equal 
intervals  of  time  between  them.  But  as  he 
moves  fafter  at  fome  times  than  at  others  (being 
eight  days  longer  in  the  northern  half  of  the  ' 
ecliptic  than  in  the  fouthern)  this  will  caufe  a 
fecond  inequality;  which  combined  witl^the 
former,  arifing  from  the  obliquity  of  the  ecliptic 
to  the  equator,  makes  up  that  difference,  which 
is  Ihewn  by  the  common  equation  tables  to  be 
between  good  cbcks  and  true  fun-dials. 

X  3  ;  "The         ' 
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fbg  defcr'tftim  mid  uferftbe 

PlateXX.     Whoever  has  feen  a  common  mrmSlmyMmt^ 
lig.  I.    gnd  underftands  how  to  ufe  it,  muft  be  Knfibfc 
that  the  machine  here  referred  to^  it  of  a  Tciy 
different^  ^and  mudi  more  advantageous  con- 
ftniAion.    And  thofe  who  have  ieen'thc  curioui 
glafs  fphere  invented  by  Dr.  LokGj  or  the  figure 
of  it  in  bis  AftroDomy,  muft  know  that  the  fiir* 
jiiture  of  the  terreftrial  dobe  in  thii  mac^ioei 
the  form  of  the  pedeftiu,  and  die  fnanner  of 
turning  either  the  earthly  fi^obe  or  the  circks 
iivhich  furround  it,  are   aU   copied  fimn  the 
Dodor*s  glafs  fphere  i  and  that  the  only  dift- 
rence  is,  a  parcel  of  rings  inftead  of  a  g^  ce« 
leftial  globe  i  and  all  the  additions  arc  a  moon 
within  the  fphere,  and  a  femicirde  upon  the  pe- 
dcftal. 
The  4r-       The  exterior  parts  of  this  machine  are  a  com- 
^b^^     pages  of  brafs  rings,  which  reprefcnt  the  princi* 
''^  ^^*      pal  circles  of  the  heaven,  viz.  i.  The  ec^uinodial 
jijiy  which  is  divided  into  360  degrees  (b^;in« 
ning  at  its  interfedion  with  the  ecliptic  in  Aries) 
for  fhewing  the  fun's  right  afcenfion  in  degrees  $ 
and  alfo  into  24  hours,    for  (hewing  his  right 
afcenfion  in  time.    2.  The  ecliptic  B  Bi  ^nhich  is 
divided  into  1 2  (igns,  and  each  fign  into  30  de« 
grees,  and  alfo  into  the  months  and  days  of  the 
year ;  in  fuch  a  manner,  that  the  degree  or  point 
of  the  ecliptic  in  which  the  fun  is,  on  any  given 
day?  ftands  over  that  day  in  the  circle  of  months. 
3.  The  tropic  of  Cancer  CC,  touching  the  ecKp- 
tic  at  the  beginning  of  Cancer  in  ^,   and  the 
tropic  of  Capricorn  D  D,  touching  the  ecliptic  at 
the  beginning  of  G^r^VtffTi  in/-,  each  23^  degrees 

from 
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from  the  cquinodial  circle.  4.  The  arftic  circle 
£,  and  the  antardic  circle  F^  each  23 1  degrees 
from  its  refpeftive  pole  at  iVand  S.  5.  The 
equinoctial  colure  G  G,  paflfing  through  the 
north  and  ibuth  poles  of  the  heaven  at  N  and  Sy 
and  through  the  equino6tial  points  Aries^  and 
Libra  in  the  ecliptic.  6.  The  folftitial  colure 
HH^  pafling  through  the  poles  of  the  heaven,  and 
through  the  folftitial  points  Cancer  and  Capricorn^ 
in  the  ecliptic.  Each  quarter  of  the  former  of 
thefe  colures  is  divided  into  90  degrees,  from  the 
equinodlial  to  the  poles  of  the  world,  for  (hew- 
ing the  declination  of  the  fun,  moon,  and.ftars ; 
and  each  quarter  of  the  latter,  from  the  ecliptic 
at  e  and/,  to  its  poles  b  and  d^  for  (hewing  the 
latitude  of  the  ftars. 

In  the  north  pole  of  the  ecliptic  is  a  nut  b^  to 
which  is  fixed  one  end  of  a  quadrantal  wire,  and 
tx)  the  other  end  a  fmall  fun  Ty  which  is  carried 
round  the  ecliptic  B  By  by  turning  the  nut :  and 
in  the  (buth-pole  of  the  ecliptic  is  a  pin  at  dy  on 
which  is  another  quadrantal  wire,  with  a  fmall 
moon  Z  upon  it,  which  may  be  moved  round  by 
hand :  but  there  is  a  particular  contrivance  for 
caufing  the  moon  to  move  in  an  orbit  which 
croflTcs  the  ecliptic  at  an  angle  of  5I  degrees,  in 
two  oppofite  points  called  the  moon's  nodes  \  and 
alfo  for  (hifting  thefe  points  backward  in  the 
ecliptic,  as  the  moon's  nodes  (hift  in  the  heaven. 

Within  thefe  circular  rings  is  a  fmall  terref- 
trial  globe  /,  fixt  on  an  axis  K  Ky  which  extends 
from  the  north  and  fouth  poles  of  the  globe  at  n 
and  Sy  to  thofe  of  the  celeftial  fphere  at  N  and  S. 
On  this  axis  is  fixt  the  flat  celeftial  meridian  L  L, 
which  may  be  fet  direftly  over  the  meridian  of 
any  place  on  the  globe,  and  then  turned  round 
with  the  globe,  fo  as  to  keep  over  the  fame 
X  4  mcri4ian 
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mcriclian  upon  it.  This  flat  meridian  is  gra? 
duaLed  the  liinne  way  as  the  brafs  meridian  of 
a  common  globe,  and  its  ufe  is  much  the  famer 
To  this  globe  is  fitted  the  moveable  horizori 
A/  M,  fo  as  to  turn  upon  two  ftrong  wirrs  pro- 
ceeding from  its  caft  and  weft  points  to  the 
globe,  and  enter ir;j;  the  globe  at  oppofite  point:$ 
of  its  equator,  which  is  a  moveable  brafs  ringlet 
into  the  globe  in  a  groove  ill  around  its  equator^ 
The  globe  may  be  turned  by  hand  within  this 
ring,  fo  as  to  place  any  *  en  meridian  upon  it, 
direftly  under  the  ccieO  meridian  L  L.  The 
horizon  is  divided  int^  )0  degrees  all  around 
its  outer moft  edge,  witnin  which  are  the  points 
of  rhc  compafs,  for  Ihcwing  the  amplitude  of 
the  fun  and  moon,  both  in  degrees  and  points. 
The  celeftial  meridian  L  L  paffes  through  two 
notches  in  the  north  and  fouth  points  of  the 
horizon,  as  in  a  common  globe :  but  here,  if 
the  globe  be  turned  round,  the  horizon  an4 
meridian  turn  with  it.  At  the  fouth  pole  of  th4 
iphere  is  a  circle  of  24  hours,  fixt  to  the  rings, 
and  on  |he  axis  is  an  index  which  goes  roun4 
that  cjrclc,  if  the  globe  be  turned  round  its 
axis.  •     / 

The  whole  fabric  is  fupported  on  a  pcdeftal 
Ny  and  nriay  be  elevated  or  flcprcflCed  upon  the 
joint  O^  to  any  number  of  degrees  from  o  to  90, 
by  means  of  the  arc  P,  which  is  fixed  in  the 
ftrong  brafs  arm  ^  and  Aides  in  the  upright 
piece  iJ,  in  which  is  a  fcrew  at  r,  to  fix  it  at  any 
jjroper  cleVation. 

In  the  box  T  are  two^  wheels  (as  in  Dr.  Long^ 
fphere)  and  two  pinions,  whofe  axes  come  out 
^t  y  and  Ui  either  of  which  may  be  turned  by 
fhe  froall  winch  fF.  When  thic  winch  is  put 
Ijuon  the  axis  F,  and  turned  tjackward,  the  ter- 
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fcftrial  globe,  with  its  horizon  artd  celeftlai  me* 
fidian,  keep  at  reft;  and  the  whole  fphere  of 
circles  turns  round  from  eaft,  by  fouth,  to  weft, 
carrying  the  fon  T^  and  moon  Z,  round  the  fame 
way,  and  eaufing  them  to  rife  above,,  and  let  be- 
low the  horizon*  But  when  the  winch  is  put 
upon  the  axis  U^  and  turned  forward,  the  fphere 
with  the  fun  and  moon  keep  at  reft;  and  the 
earth,  with  its  horizon  and  meridian,  turn  round 
from  weft,  by  ibuth,  to  eaft  $  and  bring  the  fame 
points  of  the  horizon  to  the  fun  and  moon,  to 
which  thefe  bodies  came  when  the  earth  kepr  at 
reft,  and  (hey  were  carried  round  it ;  (hewing 
that  they  rile  and  fet  in  the  fame  points  of  the 
horizon,  and  at  the  fame  time  in  the  hour-circle, 
wiiether  the  motion  be  in  the  earth  or  in  -f he 
heaven.  If  the  earthly  globe  be  turned,  the 
hour-index  goes  round  its  hour-circle;  but  if 
the  fphere  be  turned,  the  hour-circle  goes  round 
below  the  index. 

And  lb,  by  this  conftruftion,  the  machine  is 
equally  fitted  to  Ihew  either  the  real  motion  of 
the  earth,  or  the  apparent  motion  of  the  hea- 
ven. 

To  re&ify  the  fphere  for  ufe,  firft  flacken  the 
fcrew  r  in  die  upright  ftcm  /?,  and  taking  hold 
of  th?  arm  ^,  move  it  up  or  down  until  the 
given  degree-of  latitude  for  any  place  be  at  the 
fide  of  the  ftem  R ;  and  then  the  axis  of  the 
Iphcre  will  be  properly  elevated,  lb  as  to  ftand 
parallel  to  the  axis  of  the  world,  if  the  machine 
be  fet  north  and  Ibuth  by  a  fmall  compafs :  this 
done,  count  the  latitude  from  the  north  pole, 
upon  the  celeftial  meridian  LLy  down  toward 
the  north  notch  of  the  horizon,  and  fet  the  hori- 
zon to  that  latitude ;  then,  turn  the  nut  b  until 
»(hc  fun  jT  comes  to  the  given  day  of  ;he  year  in 

the 
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the  eclipticj  and  the  fun  will  be  at  its  proper 
place  for  that  day  :  find  the  place  of  the  moon's 
aicending  nodej  and  alfo  the  place  of  the  moon, 
by  an  Ephemerrs,  and  fct  them  right  accord- 
ingly :  laftly,  turn  the  winch  ^  ontU  either  the 
fun  comes  to  the  meridian  L  Lj  or  until  the  me- 
ridian comes  to  the  fun  f  according  as  you  want 
the  fpherc  or  earth  to  >ve)  and  ftt  the  hour- 
indcsc  to  the  XI I^  marWcii  noon,  and  the  whole 
machine  wiU  be  rciftified.^^Tbcn  turn  the  winch^  j 
and  obferve  when  the  fun  or  moon  rife  and  fct  in  f 
the  horizon,  and  the  hour-index  wiU  Ihcw  die 
limes  thereof  for  the  given  day. 

As  thofe  who  undcrftand  the  ufe  of  the  globes 
will  be  at  no  lofs  to  work  many  other  problems 
by  this  fphere^  it  is  needlefs  to  enlarge  any  far- 
ther upon  k. 

L  E  C  T.     X. 

The  principles  and  art  of  dialing. 

PrelimU     A  Dial  IS  fk  plane^  upon  whieh  lines  are  de- 

iiariet.     jMj^  fcribcd  in  fuch  a  manner,  that  the  (hadow 

of  a  wire,  or  of  the  upper  edge  of  a  ^te  ftile, 

ereded  perpendicularly  on  the  plane  ot  the  dial, 

may  fhew  the  true  time  of  the  day. 

The  edge  of  the  plate  by  which  the  time  of 
the  day  is  found,  is  called  the  ftile  of  the  dial, 
which  mud  be  parallel  to  the  earth's  axis  i  and 
the  line  on  which  the  iaid  plate  b  ereded,  is 
called  the  fubftile. 

The  angle  included  between  the  fubftile  and 
ftile,  is  called  the  elevation,  or  height  of  die 
ftile. 

Thofe  dials  whofe  planes  are  parallel  to  the 
plane  of  the  horizon,  are  called  luM'izontal  dials ; 

and 
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and  thole  dials  whofe  planes  are  perpendicular 
to  the  plane  of  the  horizon^  are  called  vertical, 
or  ereft  fun-dials. 

Thofe  crcft  dials,  whofe  planes  direftly  front 
the  north  or  foudi,  are  called  direft  north  or 
fouth  dials;  and  all  other  ere&  dials  are  called 
decliners,  becaufe  their  planes  are  turned  away 
from  the  north  or  fouthu 

Thofe  .dials,  whofe  planes  are  neither  paralld 
nor  perpendicular  to  the  plane  of  their  horizon, 
are  called  inclining,  or  reclining  dials,  accord* 
ing  as  their  planes  malj^e  acure'or  obtufe  angles 
with  the  horizon ;  and  if  their  planes  are  alio 
turned  afide  from  facing  the  fouth  or  north, 
they  are  called  declining-inclining,  or  declining*- 
reclining  dials. 

The  interfeftion  of  the  plane  of  the  dial,  with 
that  of  the  meridian,  paffing  through  the  ftile, 
b  called  the  meridian  of  the  dial,  or  the  hour- 
line  of  XII, 

Thofe  meridians,  whofe  planes  pafs  through 
the  ftile,  and  make  angles  of  15,  30,  45,  60,  75, 
and  90  degrees  with  the  meridian  of  the  place 
(which  marks  the  hour-line  of  XII)  are  called 
hour-circles;  and  tlieir  interfeftions  with  the 
plane  of  the  dial,  are  called  hour-lines. 

In  all  declining  dials,  the  fubftile  makes  an 
angle  with  the  hour-line  of  XII ;  and  this  angle 
is  called  the  diftance  of  the  fubftile  from  the 
meridian. 

The  declining  plane's  difference  of  longitude, 
is  the  angle  formed  at  the  interfeftion  of  the 
ftile  and  plane  of  the  dial,  by  two  meridians ; 
one  of  which  paffes  through  the  hour-line  of  XII, 
and  the  other  through  the  fubftile. 

this 
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Tbis  much  being  prmifed  coftcirmifg  £d$  kffy 
Tural^  we  jhaU  nowfireceedto  exfkm  ibe  e^ena 
methods  ef  their  cenftruBion. 
PltteXX.     If  the  whole  earth  aPcf  were  craniparent^ 
Fig.  !•     gnd  hollow,  like  a  fphere  ot  glafi,  and  had  iti 
equator  divided  into  24  equal  parts  by  fo  many 
Tbe  ani-  nricridian  femicircles,  «,  *,  c,  i^  ^*^^*  &P-  one 
^**.  .    of  which  is  the  geographical  meridian  of  any 
OT^htdiS^^'^  place  asLondon»   wluchis  fuppdcd  to 
S^lhg     be  ac  the  point  ai  and  if  the  hours  of  XII 
d^cadi.  were  marked  at  the  equator^  both  upon  diac 
meridian  and  the  oppofice  one,  and  all  the  mt 
of  the  hours  in  order  on  the  reft  of  die  meri- 
dians, thofe  meridians  would  be  the  hour-circles 
of  London :  then,  if  the  fphere  had  an  opaque 
axis,  zs  P  Epy  terminadng  in  the  poles  P  and 
/,  the  fhadow  of  the  axis  would  fall  upon  every 
particular  nneridian»  and   hour,   when  the  fun 
came  to  the  plane  of  the  oppolite  meridian,  and 
would  confcquently  (hew  the  time  at  London, 
and   at  all  other  places  on  the  meridian  of 
I/Ondon. 
E»nzdM'       If  this  fphere  was  cut  through  the  middle  by 
talMal.    a  folid  plane  ABCDy  in  the  rauonal  horizon  of 
London,   one  half  of  the  axis  E  P  would   be 
above  the  plane,  and  tbe  other  half  below  it| 
and  if  flraight  lines  were  drawn  from  the  center 
of  the  plane,  to  thofe  points  where  its  circum- 
ference is  cut  by  the  hour-circles  of  the  fphere, 
"^  thofe  lines  would  be  the  hour-lines  of  a  hori<- 

zontal  dial  for  London ;  for  the  (hadow  of  the 
axis  would  fall  upon  each  particular  hour-line 
of  the  dial,  when  it  fell  upon  the  like  hour-circle 
of  the  fphere, 
fig.  .$.  If  the  plane  which  cuts  the  fphere  be  upright, 
as  AFCGy  touching  the  given  place  (London) 
7^1  Fy  and  diredly  facing  the  meridian  of  Lon- 

doni 


don,  it  wiU  then  become  the  plane  of  an  ereft 
direft  fouth  dial;  and  if  right  lines  be  drawn /Vr//r«/ 
from  its  center  £,  to  thofe  points  of  its  circum-  ''*^* 
fcrcnce  where  the  hour-circles  of  the  fphere  cut 
it,  thefe  will  be  the  hour-lines  of  a  vertical  or 
dired  fouth  dial  for  London,  to  which  the  hours 
are  to  be  fet  as  in  the  figure  (contrary  to  thofe 
on  a  horizontal  dial)  and  the  lower  half  Ep  of 
the  axis  will  cad  a  fhadow  on  the  hour  of  the  day 
in  this  dial,  at  the  fame  time  that  it  would  fall 
upon  the  like  hour-circle  of  the  fphere,  if  the 
dial  plane  was  not  in  the  way. 

If  the  plane   (dill  facing  the  meridian)  be  ImcUmwi 
made  to  incline,  or  recline,  by  any  given  number  and  r/- 
of  degrees,   the  hour-circles  of  the  fphere  mll^^'^"^ 
ftill  cut  the  edge  of  the  plane  in  thofe  points  to      '* 
which   the  hour-lines  mufl:  be  drawn  ftraight 
from  the  center;  and  the  axis  of  the  fphere  will 
caft  a  ihadow  on  thefe  lines  at  the  refpe£bive 
hours.     The  like  will  (till  hold,  if  the  plane  be  DecUnini 
made  to  decline  by  any  given  number  ot  degrees  Muiu 
from  the  meridian,^ ;  toward   the  eaft  or  weft: 
provided  the  declination  be  lefs  than  90  degrees^ 
or  the  reclination  be  lefs  than  the  co-latitude 
of  the  place :  and  the  axis  of  the  fphere  will  be 
a  gnomon,  or  ftile,  for  the  dial.     But  it  cannot 
be  a  gnomon^  when  the  declination  is  quite  90 
degrees,  nor  when  the  reclination  is  equal  to 
the  co-latitude;    becaufe    in  thefe  two  cafes^ 
the  axis  has  no  elevation  above  die  plane  6f  the 
dial. 

And  thus  it  appears,  that  the  plane  of  every 
dial  repr^fents  the  plane  of  fbme  great  circle 
upon  the  earth ;  and  the  gnomon  the  earth's  axis, 
whether  it  be  a  fmall  wire,  as  in  the  above  Bgures, 
or  the  edge  of  a  thin  plate,  as  in  the  common 
horizontal  dials. 

The 


The  whole  eiuth,  at  ttyjtt  buHtyik  ImT  a^polM^ 

if  compared w  ks  difttftW^  fWim dft^lhli ^' mf 

thereipre,  if  •  finall  i^her^  of  rilii>  bfc  rililtt# 

vpNM  any  pfei%  of  die'etrdtVfurfititfy  Ib'flJMritf 

as^be  panllei  CD  die  azis-of  die  eavtfa^  Mfdd^ 

^here  hai^  iucb  lines  u(Mm  it,  arid  fbdi  pllUeaf 

^thiD  it^  as  above  defcribed :  it  anSt'  flietr'  tbe! 

kours  oiPdie  dajr  attruly  as  if  ic  KVdtf  pbiied  at 

die  eatth -8  center9  and  die  fliell^of  die  eAlh  fNM 

as^tranfparent  as  ^|alS| 

fig.  a,  3*    'But  becaufe  it  is  impoflible  tt»  hafre  ia  hdDMf 

fohere  of  glafs  perfedly  true,  blown  rMAd'  tf 

lofid  plane;  driritwas,  we  could  noif  get  at^ die 

plane  within  the  glals  to  fet  it  in  any  given  pofi-* 

cion ;  we  make  ufe  of  a  wire  fphere  to  explain 

the  principles  of  dialing,   by  joing  24  feitiidr^ 

cles  together  at  the  poles,  and  putdng  a  thin 

flat  plate  of  brafs  within  it. 

DiiUiMg       A  common  globe,  of  i^  inches  diameter,  has 

^^'^n  S^^^^^y  ^4  nieridian  iemicircles  drawn  upqn 

uJrijirial  i^-    ^^  ^^^^  a  ^obc  bc  elevated  to  the  larinide 

gloii.       of  any  given  place,  and  turned  about  until  anf 

one  of  thefe  meridians  cuts  the  horizon  in  the 

north  point,  where  die  hour  of  XII  is  (uppoled 

to  be  marked,  the  reft  of  the  meridians  will  cut 

the  horizon  at  the  refpeftiv^  diftances  of  d)  the 

other  hours  from  XII.    Then,  if  thefe  points  of 

diftance  be   marked  on  the  horizon,   and  the 

globe  be  taken  out  of  the  horizon,   and  a  flat 

board  or  plate  be  put  into  its  place,  even  with 

the  furface  of  the  horizon;  and  if  ftraight  lines 

be  drawn  from  the  center  of  the  board,  to  thofe 

points  of  diftance  on  the  horizon  which  were 

cut  by  the  24  meridian  femicircles,  thefe  fines 

will  be  the  hour-lines  of  a  horizontal  dial  for 

that  latitude,  the  edge  of  whofe  gnomon  muft 

be  in  the  very  fame  utuation  that  the  axis  of  the 

k  globe 
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globe  was,  before  it  was  taken  out  of  the  hoii* 
zon ;  that  isj  the  gnomon  muft  make  an  angle 
with  the  plane  of  the  dtal>  equal  to  the  latitude 
of  the  place  for  which  die  dial  is  made. 

If  the  pole  of  the  gbbe  be  elevated  to  the  co« 
htitude  *  of  the  given  place^  and  any  meridian 
be  brought  to  the  north  point  of  the  horizon^ 
the  reft  of  the  ncieridians  wtU  cut  the  horizon  in 
the  lefbeAive  diftances  of  all  the  hours  from  XII, 
for  a  diredfouth dial,  whofe gnomon muft make 
an  angle  with  the  plane  of  the  dial,  equal  to  the 
co-latitude  of  the  place ;  and  the  hours  muft  be 
fet  the  contrary  way  on  this  dial,  to  what  they 
are  on  the  horizontaL 

But  if  your  globe  have  more  than  24  meridian 
iemicircle$  upon  it,  you  muft  take  the  following 
method  for  making  bcrixmial  and  foutb  dials 
by  it. 

Elevate  the  pole  to  the  latitude  of  your  place,  To  con- 
and  turn  the  globe  until  ismy  particular  meridian  ^"""^  * 
(fuppofe  the  firft)  comes  to  the  north  point  of  Jj^^*'*^^ 
die  horizon,  and  the  oppolite  meridian  will  cut 
the  horizon  in  the  fouth.     Then,  fet  the  hour* 
index  to  the  uppermoft  XII  on  its  circle  i  which 
done,  turn  the  globe  weftward  until  15  degrees 
of  the  equator  pafs  under  the  brafen  meridian, 
and  then  the  hour-index  will  be  at  I  (for  the  fun 
moves  1 5  degrees  every  hour)  and  the  firft  me- 
ridian will  cut  the  horizon  in  the  number  of  de- 
grees from  the  north  point,  that  I  is  diftant  from 
XII.     Turn  on,  until  other  15  degrees  of  the 
eqv.f  tor  pafs  under  the  brafen  meridian,  and  the 
hour-index  will  then  be  at  II,  and  the  firft  me- 

*  If  the  latitude  be  fubtradled  from  90  degrees,  the  re-' 
mainder  is  called  Che  co-latitude^  or  coinplexnenc  of  th# 

latitude. 
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^        nJian  will  cut  the  horizon  in  the  number 
degrees  that  II  is  diftant  from  XII ;  and  fo^  by 
inaking  15  degrees  of  the  equator  pafs  under 
the  brafen  meridian  for  every  hour,  the  firft  me- 
fidian  of  the  globe  will  cut  the  horizon   in  the 
diftances  ^  all  the  hours  from  XII  to  VI,  which 
is  juft  90  degrees ;  and  then  you  need  go  no 
farther,  for  the  diftanc^s  of  XI,  X,  IX,  VIII, 
VII^  and  VI,   in  the  forenoon,    are  the  fame 
from  XII,  as  the  diftances  of  I,  11,  III,  IV,  V,  _ 
ind  VI,  in  the  afternoons  and  thefc  honr-linetl 
continued   through    the  centeri    will  give    thel 
oppofite  hour-lines  on  the  other  half  of  the  dial  i 
but  no  more  of  thefe  lines  need  be  drawn,  than 
ivhat  aniwer  to  the  fun's  continuance  above  die 
horizon  of  your  place  on  the  longeft  day,  which 
fnay  ht  eaQly  found  by  the  26th  problem  of  die 
foregoing  lefturc. 

Thus^  to  make  a  horizontal  disd  for  the  lad- 
fude  of  London,  which  is  5 if  degrees  north/ 
elevate  the  north  pole  of  the  globe  5 if  degrees 
above  the  north  point  of  the  horizon,  and  then 
turn  the  globe^  until  the  fird  nfieridian  (which 
k  that  of  London  on  the  Englilh  terreftrid 
globe)  cuts  the  north  point  of  the  horizon,  and 
let  the  hour-index  to  XII  at  noon^^ 

Then,  turning  the  globe  weftward  until  the 
index  points  fucceffively  to  I,  II,  III,  IV,  V^  » 
and  VI,  in  the  afternoon;  or  Until  15,  30,  451 
^o>  75>  and  90  degrees  of  die  equator  pafs  under 
the  brafen  meridian,  you  will  find  that  the  firft 
ifneridian  of  the  globe  cuts  the  horizon  in  the 
following  numbers  of  degrees  from  the  north 
toward  the  eaft,  viz.  ii|.  24^,  jStV  5.1o  7ItV» 
and  90 ;  which  are  the  refpcftive  dlftances  of 
the  above  hours  from  XII  upon  the  {^ane  of  die 
horizon^ 

Ta 
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To  transfer  thcfc,  and  the  reft  of  the  hours,  Plate 
)  a  horizontal  plane,    draw  the  parallel  right  ^.^'• 
^n  dc  and  id  upon  that  plane^  as  far  from    ^^'  '* 
ich  other  as  is  equal  to  the  intended  thicknels 

*  the  gnomon  or  ftile  of  the  dial,  and  the  fpace 
eluded  between  them  will   be   the  meridian 

*  twelve  o'clock  line  on  the  dial.  Crofs  this 
er^dian  at  right  angles  with  the  fuc  o'clock  line 
hj  and  letting  one  toot  of  your  compaflcs  in  the. 
terfeftion  ^ ,  as  a  center,  defcribe  the  quadrant 
f  with  any  convenient  radius  or  opening  of  the 
•mpafles :  then,  fetting  one  foot  in  the  inter- 
ftion  ^,  as  a  center,  with  the  fame  radius  de- 
ibc  the  quadrant  fby  and  divide  each  qua- 
ant  into  90  equal  parts  or  degrees,  as  in  the 
pife. 

Becaufe  the  hour-lines  are  lefs  diftant  from 
eh  other  about  noon,  than  in  any  other  part  of 
5  dial,  it  is  bed  to  have  tjne  centers  of  thefe 
adrants  at  a  litde  diftancc  from  the  center  of 
t  dial-plane,  on  the  fide  oppofite  to  XII,  in 
ier  to  enlarge  the  hour  diftances  thereabout 
dcr  the  fame  angles  on  the  plane.  Thus,  the 
Iter  of  the  plane  is  at  C,  but  the  centers  of  the 
adraq(js  at  a  and  b. 

Lay  a  ruler  over  the  point  b  (and  keeping  it 
!rc  for  the  center  of  all  the  afternoon  hours  in 
5  quadrant  /  b)  draw  the  hour-line  of  I, 
oush  1 1 -J.  degrees  in  the  quadrant ;  the  hour- 
e  of  II,  through  24!  degrees;  of  III,  through 
tV  degrees;  IIII,  through  53^  and  V  through 
tV*  and  becaufe  the  fun  rifes  about  four  in 
:  morning,  on  the  longeft  days  at  London, 
ntinue  the  hour- lines  o?  IIII  and  V,  in  the 
ernoon,  through  the  center  b  to  the  oppofite 
c  of  the  dial.— This  done,  lay  the  ruler  to  the 
Iter  a^  of  the  quadrant  eg^  and  through  the 
Y  like 
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^K  like  divifions  or  degrees  of  that  quadrant,  viz* 

H  1 1*,  24i,  jSttt*  SJfs  ^nd  7iVt,  draw  the  fore- 

^B  noon  hour-lines  of  Xi,  X,  IX,  VIII,  and  VII  i 

^  and  becaiifc  the  fun  fets  not  before  eight  in  the 

evening  on  the  longeft  days,  continue  the  hour- 

,  lines  of  VII  and  Vlil  in  the  forcnoonj  through  the 

^^^K         center  a,  to  VII  and  V^^^  in  the  afternoon  ^  and 

^^^B        all  the  hour-lines  will  be  tiniQied  on  this  dial ;  to 

^^^H        which  the  hours  may  be  fet,  as  in  the  Rguir. 

^^^P  LafMy,  through   51!  degrees  of  either  qua^ 

^^^V         drantj  and  from  its  center  draw  the  right  line  Mg 

^V  for  the  hypothenufe  or  axis  of  the  gnoaion  ^gii 

^^  and  from  gy  let  fall  the  perpendicular  ^r,  upon 

the  meridian  line  ai^  and  there  will  be  a, triangle 

madcj  whofe  fides  are  ap  gi^  and  1 4i*      If  a 

plate  (imilar  to  this  triangle  ^  made  as  thick  as 

the  diftance  between  the  lines  a  c  and  bdy  and 

fet  upright  between  them,  touching  at  a  and  kt 

its  hypothenufe  ^  jgtwiU  be  parallel  to  the  axis  of 

the  world,  when  the  dial  is  truly  fet  i  and  wiB 

caft  k  (hadow  on  the  hour  of  the  day, 

N.  B.  The  trouble  of  dividing  the  two  qua- 

%  drants  may  be  faved,  if  you  have  a  fcale  with  a 

line  of  chords  upon  it,  fuch  as  that  on  the  right 

Kand  of  the  plate :  for  if  you  extehd  the  com-f 

palles  from  o  to  60  degrees  of  the  line  of  chords, 

and  with  that  extent,  as  a  radios,  delcribe  die 

two  quadrants  upon  their  refpedtive  centers,  the 

above  diftances  may  be  taken  with  the  com- 

pafles  upon  the  line,  and  fet  off  upon  the  qua* 

drants. 

Fig.  2.        "To  make  an  ereSt  direH  feutb  dial.     Elevate  the 

X-^ft^""  pole  to  the  co-latitude  of  your  place,  and  pro- 

iuB  d^  ^^^  ^"  ^''  refpedb  as  above  taught  for  the  nori- 

reafouib  zontal  dial,  from  VI  in  the  morning  to  VI  in 

^'of.       the  afternoon,  only  the  hours  muft  be  rcverftd, 

as  in  the  Bgurei  and  the  hypothenufe  ag^  of  the 

gnonxui 
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gnomon  agf  muft  make  an  anele  with  the diali- 
plane  equal  to  the  co-latitude  of  the  place.  As 
the  fun  can  fhine  no  longer  on  this  dial,  than 
from  fix  in  the  morning  until  fix  in  the  evening, 
there  is  no  occafion  tor  having  any  more  than 
twelve  hours  upon  it. 

T!o  make  an  ereS  dialy  declining  from  tbe/outb  To  con<> 
toward  the  eaft  or  weft.  Elevate  the  pole  to  the  ^'°^  **» 
latitude  of  your  place,  and  fcrew  the  quadrant  of  ^f^^^'* 
altitude  to  the  zenith.  Then,  if  your  dial  de-  ^,^'^ 
dines  toward  the  eaft  (which  we  (ball  fuppoie 
it  to  do  at  prefent)  count  in  the  horizon  the 
degrees  of  declination,  from  the  eaft  point  to- 
ward the  north,  and  bring  the  lower  end  of  the 
Quadrant  to  that  degree  of  declination  at  which 
ttie  reckoning  ends.  This  done,  bring  any  par- 
ticular meridian  of  your  globe  (as  fuppoie  the 
firft  meridian)  dire£^ly  under  the  graduated  edge 
of  the  upper  part  of  the  biofen  meridian,  and 
let  the  hour-index  to  XII  at  noon.  Then,  keep- 
ing the  quadrant  of  altitude  at  the  degree  of 
declination  in  the  horizon,  turn  the  globe  eaft- 
ward  on  its  axis,  and  obferve  the  degrees  cut  by 
the  firft  meridian  in  the  quadrant  of  altitude 
(counted  from  the  zenith)  as  the  hour-index 
comes  to  XI,  X,  IX,  &c.  in  the  forenoon,  or  as 
'5>  30, 45,  &c.  degrees  of  the  equator  oafs  under 
the  braien  meridian  at  thefe  hours  refpcftively; 
and  the  degrees  then  cut  in  the  quadrant  by  the 
firft  meridian,  are  the  refpeftive  diftances  of  the 
forenoon  hours  from  XII  on  the  plane  of  the 
dial. — Then,  for  the  afternoon  hours,  turn  the 
quadrant  of  altitude  round  the  zenith  until  it 
comes  to  the  degree  in  the  horizon  oppofite  to 
that  where  it  was  placed  before ;  namely,  as  far 
fix>m  the  weft  point  of  the  horizon  toward  the 
ibudi,  as  it  was  fet  at  firft  fi-om  the  eaft  point  to- 
Y  2  ward 
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ward  the  tiorthj  and  turn  the  g^dbe  iweftfuiA 
on  its  iuds>  nntil  the  firft  mfttdian  oomet  to  die 
brafen  meridian  i^un,  and  the  hour-index  to 
XII:  thent  continue  to  turn  the  glohe  weft-^ 
vardj  and  as  the  index  pointa  to  the  afiemoott 
hours  I^  Ily  III^  &c.  or  as  159  30, 45,  ftc.  de- 
grees of  the  equator  pais  under  die  bnien  noeri- 
dian,  the  firft  meridian  will  cut  the  quadrant  of 
altitude  in  the  reipcftive  number  of  demea 
froin  the  zenith^  that  each  of  thefe  houra  iafiom 
XII  on  the  dial — And  note,  that  when  Ae  firft 
meridian  goes  off  the  quadrant  at  the  horiaoo,  is 
the  ferenoony  the  hour-index  ihews  the  time 
when  the  fun  will  come  upon  this  dial :  and  whe& 
it  goes  oflTthe  quadrant  in  the  afternoon,  the  in--/ 
dex  will  point  to  the  time  when  the  fun  goes  off 
the  dial. 

Having  thus  found  all  the  hour-diftances  from 
Xlly  lay  rhem  down^upon  your  dial-plate,  either 
by  dividing  a  femicirple  into  two  quadrants  of 
90  degrees  each  (beginning  at  the  hour-line  of 
XII)  or  by  the  Tme  of  chords,  as  above  directed* 

In  all  declinnig dials,  the  line  on  which  the  ftile 
or  gnomon  (lands  (commonly  called  x^Jmbfiik- 
line)  makes  an  angle  with  the  twelve  o'clock 
line,  and  falls  among  the  forenoon  h6ur-lfnes,  if 
the  dial  declines  toward  the  eaft ;  and  among  the 
afternoon  hour-lines,  when  the  dial  declines  to- 
ward the  weft }  that  is,  to  the  left  hand  from  the 
twelve  o'clock  line  in  the  former  cafe,  and  to  the. 
right  hand  from  it  in  the  latter. 

To  find  the  diftance  of  the  lubftile  from  the 
,  twelve  o'clock  line;  if  your  dial  declines  from, 

the  fouth  toward  the  eaft,  count  the  degrees 
of  that  declination  in  the  horizon  from  the  eaft 
point  toward  the  north,  and  bring  the  lower  end 
of  the  quadrant  of  altitude  to  that  de^;ree  of 

dedmatbn 
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dedination  where  the  reckoning  ends^  then^ 
turn  the  globe  until  the  firft  meridian  cuts  tb^ 
horizon  in  the  like  number  of  degrees^  countec} 
from  the  fouth  point  toward  the  eaft  i  and  thf 
quadrant  and  firft  meridian  will  then  crofs  one 
another  at  right  angles^  and  the  number  of  de- 
grees of  the  quadrant^  which  are  intercepted 
between  the  Brft  meridian  and  the  zenith/  i^ 
equal  to  the  diftance  of  the  fubftile-line  fron^  the 
twelve  o'clock  line  j  and  the  number  of  degrees 
xrf*  the  firft  meridian,  which  are  intercepted  be- 
tween the  quadrant  and  the  north  pole,  is  equal 
to  the  elevation  of  the  llile  above  the  plane  of 
the  dial. 

If  the  dial  declines  weftward  from  the  Ibuth, 
■count  that  declination  from  the  eaft  point  of  the 
iiorizon  toward  the  fbuth,  and  bring  the  qua- 
(drant  of  altitude  to  the  degree  in  the  horizon  at 
which  the  reckoning  ends ;  both  for  finding  the 
(i[bi:enoon  hours,  and  the  diftance  of  the  fubftile 
from  die  meridian:  and  for  the  afternoon  hours, 
ibring  the  quadrant  to  the  oppofite  degree  in  the 
horizon,  namely,  as  far  from  the  weft  toward 
the  north^  and  then  proceed  in  all  reipeffcs  ^ 
above. 

Thus,  we  have  finifhed  our  declining  dial; 
aod  in  fo  doing,  we  made  four  dials,  viz. 

X.  A  north  dial,  declining  eaftward  by  the 
iame  number  of  de^ees.  2.  A  north  dial,  de- 
clining the  fame  number  weft.  j.  A  fouti^ 
diali  declining  eaft.  And,  4.  A  fouth  dial,  de* 
clining  weft.  Only,  placing  the  proper  number 
of  hours,  and  the  ftile  or  gnomon  rclpeftively, 
uixMi  each  plane.  For  (as  above-mentioned) 
in  the  ibuth-weft  plane,  the  fubftile;^line  falls 
.among  nhe  afternoon  hours  j  and  in  the  ibuth* 
ffUlj  qt  <the  ^m^  declinadon  ampng  ^  iQrenoon 
-  '  ;  Y  3  hours. 
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hoursi  it  eiq[iitl  diftancct  from  XII;'  And  fi4. 
•U  die  mornif)g  hours  on  the  iveft  xwcHncrnQl 
be  Uke  the  afimiooD  hours  on  the  eaft  dbcfincri 
the  fouth-eaft  decliner  will  produce  tfa(^  north- 
weft  decliner;  and  the  foom«weft  decfiher^  the 
north-eaft  declber,  by  only  eattending  the'hQar^ 
linea^  Me  and  fubflile,  quite  dirough  the  oeirtcr : 
die  axis  of  the  ftik  (or  eon  diac  cws  the  flubdov 
on'the  hour  of  the  dajr)  being  in  all  diala  wbat^ 
ever  parallel  to  the  axis  of  the  worid»  and  oonfb- 
quently  pointing  toward  the  north  pole  of  dk 
heaven  in  north  ladtudes»  and  toward  the  fintth 
pole,  in  fouth  bdtudes.    SiimmttfOSsM  tk 
foUozving  leSiure. 
An  eaAr       But  becaufe  every  one  who  would  like  to  make 
?*'    n.  *  ^^*''  '"^y  perhaps  not  be  provided  widi  a  globe 
IbaaiDg  ^^  ^^1^  hi^>  ^nd  may  probably  not  underftand 
of  dtali.  the  method  of  doing  it  by  logarithmic  calcula- 
tion 5  we  (hall  (hew  how  to  perform  it  by  the 
Elain   dialing  lines,   or  fcale  of  latitudes  and 
ours ;  fuch  as  thofe  on  the  risht  hand  of  Fig.  4. 
in  Plate  XXI,  or  at  the  top  o?  Plate  XXII,  and 
which  may  be  had  on  fcales  commonly  fold  by 
the  madiematical  inftrument-makers. 

This  is  the  eafieft  of  all  mechanical  methods, 
and  by  much  the  beft,  when  the  lines  are  truly 
divided :  not  only  the  half  hours  and  quarters 
may  be  laid  down  by  all  of  them,  but  every  fifth 
minute  by  moft,  and  every  fingle  minute  by  thofe 
where  the  line  of  hours  is  a  foot  in  length. 
Fig*  3*  Having  drawn  your  double  meridian  line  tf  ^, 
€  dy  on  the  plane  intended  for  a  horizontal  dial, 
and  crofied  it  at  right  angles  by  the  (ix  o'clock  line 
fi  (as  in  Fig.  i.)  take  the  latitude  of  your  place 
with  the  compafles,  in  the  fcale  of  lautudes,  and 
iet  that  extent  from  ^  to  ^,  and  from  axof^  oa 
th(F  fix  o'ck)ck  line :  theni  taking  the  whole  fix 

hours 
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Ikmits  between  the  points  of  the  compafles  in  the 
icak  of  hoursy  with  that  extent  fet  one  foot  in  the 
point  e^  and  let  the  other  foot  fall  where  it  will 
upon  the  meridian  line  cd,  ^s^t  d.  Do  the  fame 
fix)m/to  b^  and  draw  the  right  lines  e  d  and  fb^ 
each  of  which  will  be  equal  in  length  to  the  whole 
fcale  of  hours.  This  done,  fetting  one  foot  of 
the  compafles  in  the  beginning  of  the  fcale  at  XII, 
and  extending  the  other  to  each  hour  on  the  ^ 

fcale,  lay  off  thefe  extents  from  d  to  e  for  the 
afternoon  hours,  and  from  b  to /for  thofe  of  the 
forenoon:  this  will  divide  the  lines  de  and  bf 
vEk  the  fame  manner  as  the  hour-fcale  is  divided, 
^  i>  2>  3>  4>  5^  ^d  6;  on  which  the  quarters 
may  alfo  be  laid  down,  if  required.  Then,  lay-- 
ing  a  ruler  on  the  point  ^,  draw  the  firft  five 
hours  in  the  afternoon,  from  that  point,  through 
the  dots  at  the  numeral  figures  i,  2,  3,  4,  5,  on 
the  line  de\  and  continue  the  lines  of  III  I  and  V 
through  the  center  c  to  the  other  fide  of  the  dial, 
for  the  like  hours  of  the  morning ;  which  done. 
Jay  the  ruler  on  the  point  j,  and  draw  the  lafl  five 
hours  in  the  forenoon  through  the  dots  5,  4,  3, 
2,  I,  on  the  \yxiz  fb\  continuing  the  hour-lines 
of  VII  and  VIII  through  the  center  a  to  the 
other  fide  of  the  dial,  for  the  like  hours  of  the 
evening;  ^nd  fet  the  hours  to  their  refpefkive 
lines  a3  in  the  figure.  Laftiy,  make  the  gnomon 
the  fame  way  as  taught  above  for  the  horizontal 
dial,  and  the  whole  will  be  finiihed. 

To  make  an  creft  fouth"  dial,  take  the  co-lati- 
tude of  your  place  from  the  fcale  of  latitudes,  and  v  \ 
then  proceed  in  all  refpe&s  for  the  hour-lines,  asC     '  . 
in  the  horizontal  dial ,  only  reverting  the  hours, 
^  in  Fig.  2 ;  and  making  the  angle  of  the  ftile's 
height  equal  to  the  co-latitude. 

Y  4  I  have 


^    '  0/Dialmg. 

^'    ^  I  have  drawn  out  a  fet  of  dialing  lines  upoiv 

the  top  of  Place  XXII,  large  enough  for  mak- 
ing a  dial  of  nine  inches  diameter,  or  more 
inches  if  required  i  and  have  di-awn  them  tole- 
rably exatt  for  common  praftice,  to  eveiy  quar- 
ter of  a  hour.  This  fcale  may  be  cut  off  from 
rhe  plate,  and  pafted  upon  wooti,  or  upon  the  in- 
fide  of  one  of  the  boards  of  this  book  ;  and  then 
k  will  be  fomewhat  more  cxaft  than  it  is  *on  the 
'  "  plate,  for  being  rightly  divided  lipoh  the  copper- 
plate, and  printed  off  on  wet  paper,  it  (brinks 
as  the  paper  dries;  but  when  it  is  wetted  again, 
it  ftretchcs  to  the  fame  fize  as  when  newly  print- 
ed i  and  if  pafted  on  while  wet,  it  will  rennain  of 
that  fize  afterward. 

But  left  the  young  dialift  (hould  have  neither 
globe  nor  wooden  fcale;  and  ftioiald  tear  or  other- 
wife  fpoil  the  paper  one  in  pafting,  we  fhall  now 
fhew  him  how  he  may  make  a  dial  without  any 
of  thcfc  helps.  Only,  if  Ke  has  not  a  line  of 
chords,  he  muft  divide  a  quadrant  into  90  equal 
parts  or  degrees  for  taking  the  proper  angle  of 
the  ftile*s  elevation,  which  is  caflly  done. 

Fig-  4-        With  any  opening  of  the  compafles,  as  Z  !•, 

defcribe  the  two  femicircles  LFk  and  L ^ ii 

upon  the  centers  Z  and  z,  where  th6  fix  o'clock 

^  line  croftes  the  double  meridian  line,  and  divide 

Horizon-  cach  femicircle  into  12  equal  parts,  beginning  at 

ial4iaL  Xi  tHough,  ftriftly  fpeaking,  only  the  quadrants 
from  L  to  the  fix  o'clock  line  need  be  divided  t 
then  conneft  the  diWBorts  j^ich  arc  equidiftant 
from  i,  by  the  |)aralk:l  fihes  KM,  IN,  HOy  G  F, 
^nd  F^  Praw  FZ  for  the  hyix)thenufe  of  the; 
ftile,  making  the  angle  ^ZjE  equal  to  the  lari- 
tude  of  yotir  place;  and  continue  the  line  FZ  to 
R.  Draw  the  line  R  r  parallel  to  the  fix  o'clock 
line,  and  fet  off  the  diftance  a  K  from  Z  to  jT, 
5  the 


Mict  tl  ^rocn  Z  to  X,  cHSrom  ZtoW^ 
jm  Z  to  ?;  and  If  F  from  Z  to  S.  Then 
le  lines  4^^,  Tt^  Ww^  Xx,  and  Ty^  each 
[  to  Rr.  Set  off  the  diftance^  i*  from  m 
and  from/ to  i ;  the  dillance  xXframt 
and  from  ^  to  2 ;  w  /i^from  c  to  9,  and 
f  to  3 ;  /  5r  from  d  to  8,  and  from  i  to 
from  f  to  7,  and  from  ir  to  5.  Then  ky- 
tiler  to  the  center  Z,  draw  the  forenoon 
nes  throi]g)i  the  points  ii^  io>  9,  81  7 » 
ing  it  to  the  center  z,  dfaw  the  afternoon 
trough  the  points  ij  2,  3,  4r  5;  continii- 
forenoon  lines  of  VII  and  VIII  through 
ter  Z,  to  the  oppofite  fide  of  the  dial,  for 
;  afternoon  hours  >  and  the  afternoon  lines 
d  V  through  the  center  z,  to  the  oppofite 
r  the  like  morning  hours.  Set  the  hours 
:  lines  as  in  the  figure,  and  then  ereft  the 
gnomon,  and  the  horizontal  dial  will  be 
•• 

onftrudt  a  fouth  dial,  draw  the  line  VZ,Snttii 
;  an  angle  with  the  meridian  Z  L  equal  to  ^'^' 
latitude  of  your  place  $  and  proceed  in  aH 
as  in  the  above  horizontal  dial  for  the 
titude,  reverfing  the  hours  as  in  Fig.  a. 
king  the  elevation  of  the  gnomon  equal 
:o-latitude. 

ips  it  may  not  be  unacceptable  to  explain 
hod  of  conftrudling  the  dialing  lines,  and 
hers ;  which  is  as  follows, 
any  opening  of  the  compafies,  as  £^,  Plate 
ig  to  the  intended  length  of  the  fcale,  XXIL 
the  circle  ADC  By  and  crofs  it  at  right 
by  the  diameters   CEA  and  Z)  JE  A  Fig.  i. 
the  quadrant  AB  firft  into  9  equal  parts.  Dialing 
n  each  part  into  10^  fo  (hall  the  quadrant  ^^^'  ^ 
led  into  90  equal  parts  or  degrees.  Draw  ^ 

the  # 
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the  right  line  JFB  fir  tfaechmdof  tihiifc  qnir 
drant,  and  fetdng  one  fixic  oC  tfaei  oompiflb  h 
the  point  j#»  extend  die  other  to  die  farm  difi^ 
fionsof  thequadrant^  andtnuufarthefe^irifioM 
to  the  fine  AFB  by  thearci,  lo  lo^  aoapb  ftfr 

'  and  this  will  be  a  line  of  chords,  divided  nilo  90 
unequal  parts ;  which,  if  transferred  fnm  oe 
line  oack  again  to  the  quadrant,  will  divide  it 
equally.  It  is  pliun  by  ttie  figure,,  that  die  dit 
tance  from  ^  to  60  in  the  line  of  choitis*  ia  jofr 
equal  to  AE^  the  radius  of  the  circle  inmi  iroidk 
that  line  is  made  $  for  if  die  arc  60  60  be  con- 
tinued, of  which  ^  is  die  center,  it  goes  exafilf' 
through  the  center  E  of  the  wc  AB. 

And  therefore,  in  laying  down  any  number  of 
degrees  on  a  circle,  by  the  line  of  chords,  yw 
muft  firft  open  the  compaiTes,  fo  as  to  take  in 
juft  60  degrees  upon  that  line,  as  from  ^  to  60: 
and  then,  with  that  extent,  as  a  radius,  defcribe 
a  circle  which  will  be  exaftly  of  the  fame  fize 
with  that  from  which  the  line  was  divided: 
which  done,  fct  one  foot  of  the  compafles  in  the 
beginning  of  the  chord  line,  as  at  yf,  and  extend 
the  other  to  the  number  of  degrees  you  want 
upon  the  line,  which  extent,  applied  to  the  circk, 

•  will  include  the  like  number  of  degrees  upoa 
it. 

Divide  the  quadrant  CD  into  90  equal  parts, 
and  from  each  point  of  divifion  draw  right  lines 
as  iklj  &c.  to  the  Ime  CE\  all  perpendicular 
to  that  line,  and  parallel  to  DjE,  which  will  di- 
vide E  C  into  a  line  of  fines ;  and  although  thcfe 
are  feldom  put  among  the  dialing  lines  on  afcak, 
yet  they  alTifl:  in  drawing  the  line  of  latitudes. 
For,  if  a  ruler  be  laid  upon  the  point  D,  and 
over  each  divifion  in  the  line  of  fines,  it  will 
divide  the  quadrant  CB  into  90  unequal  parts, 

as 
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9S  Bay  a  by  &c.  ihewn  by  the  right  fines  ic  a^ 
v>hy  30  <,  &c.  drawn  along  the  edge  of  the  ruler. 
If  the  right  line  jB  C  be  drawn,  fubtending  this 
quadrant)  and  the  neareft  diftances  Ba^  Bby  Bcy 
ice.  be  taken  in  the  compafles  from  By  and  fee 
upon  this  line  in  the  fame  manner  as  direfted  for 
the  line  of  chords^  it  will  make  a  line  of  latitudes 
B  Cy  equal  in  length  to  the  line  of  chords  A  By 
and  of  an  equal  number  of  divifionsj  but  very 
unequal  as  to  their  lengths. 

Draw  the  right  line  DGyf,  fubtending  the 
quadrant  D  A\  and  parallel  to  it,  draw  the  right 
line  r  s,  touching  the  Quadrant  DA  at  the  nume- 
ral figure  3.  Divide  this  Quadrant  into  fix  equal 
parts,  as  i,  2, 3,  &c.  and  through  thefe  pomts  c^ 
dtvifion  draw,  right  lines  from  the  center  E  to  the 
fine  rsy  which  Vrill  divide  it  at  the  points  where 
die  fix  hours  are  to  be  placed,  as  in  the  figure* 
If  every  fixth  part  of  the  quadrant  be  fubdivided 
into  four  equal  parts,  right  lines  drawn  from  the 
center  through  thefe  points  of  divifion^  and  con- 
tinued to  the  line  r  /y  will  divide  each  hour  upon 
It  into  quarters. 

In  Fig.  2.  we  have  the  reprcfentation  of  a  Jdial^ 
portable  dial,  which  may  be  cafily  drawn  on  a  ^^f^^^-  • 
card,  and  carried  in  a  pocket-book.     The  lines  ^*8'  *• 
ndy  ah  and  ^ c  of  the  gnomon  muft  be  cut  quite 
through  the  card ;  and  as  the  end  ^  ^  of  the  gno- 
BFK)n  IS  ndfed  occafionaliy  above  the  plane  ofthe 
dial^    it  turns  upon  the  uncut  line  r  1/  as  on  a 
hinge.    The  line  dotted  AB  muft  be  flit  quite 
through  the  card,  and  the  thread  muft  be  put 
through  the  flit,  and  have  a  knot  tied  behind,  to 
keep  it  from  being  eafily  drawn  out.     On  the  / 
other  end  of  this  thread  is  a  fmall  plummet  D, 
and  on  the  middle  of  it  a  fmall  bead  for  ihew- 
ing  the  time  of  the  day* 

To 


To  redify  this  iisd^fnii^^WpB^ipfimlS^ 
ri^t  againd  the  day  of  the  mobtlit  aqd  ^fixtlch 
the  thread  from  the  day  of  the  iiiQBtfar^9ifer  th^ 
luiguWposnt  where  the  curve  lipeiaieee  at  XII « 
tben  fliift  dSb  bead  to  that pcnlit  oa  d^thrca^ 
j$od  the  dial  will  be  reftified. 

To  fiiKl  thehour  of  the  day^  r»&  diegtMXM9 
(no  matter  hqjv  much  or  how  Httle)  ai^d  faol4 
JUbe  edge  of  Ac  dial  next  the  gooipqn  |qww4 
the  (un,  fo  as  the  uppermoft  edge  of  diie  0u4om 
id£  the  gnomon  may  juft  cover  tfae^^Miww  4wf  i 
and  the  bead  then  joying  friely  op  jdic  $ioe  «f 
the  diali  by  the  weight  of  the  phiacuma^  w$ 
&ew  the  time  of  tbe  day  among  t^  Jiwr-Gne% 
*a$  it  is  forenoon  or  afcer*nodn. 

To  find  the  time  of  fun>rt(ing  and  iettbjb 
move  the  thread  among  the  hour^inesj  until  it 
either  covers  fome  one  of  them>  or  lies  paralU 
betwixt  any  two ;  and  then  it  wiU  cut  the  unit 
of  fun-rifing  among  the  forenoon  hours»  and  of 
iun-fetting  among  the  afternoon  hours,  on  that 
day  of  the  year  for  which  the  thread  is  &t  in  the 
fcaie  of  months. 

To  find  the  fun's  declination,  (tretch  the  thread 
from  the  day  of  the  month  over  the  angular  point 
at  XII,  and  it  will  cut  the  fun's  declination,  as  it 
js  north  or  fouth,  for  that  day,  in  (he  arched  fcak 
pf  north  and  fouth  declination. 

To  find  on  what  days  the  fun  enters  the 
figns :  when  the  bead,  as  above  re&ified,  moves 
along  any  of  the  curve  lines  which*  have  the  figm 
of  the  zodiac  marked  upon  them,  the  fun  entere 
thofe  fisns.on  the  days  pointed  put  b^y  the  duta4 
|n  the  Kale  of  months. 

The  conftruftion  of  this  dial  is  very  ea^ 
^ipeciaUy  if.^  reader  compswcs  it  all  aloeg 


with  Fig.  3.  as  he  reads  the  following  etplana->* 
lion  of  that  figure. 

Draw  the  occult  line  AB  parallel  to  the  top  of  Fig.  %. 
the  card,  and  crofs  it  at  right  angles;,  with  the  fix 
o'clock  line  £  CD  5  then  upon  C^  as  a  center^ 
widi  the  radius  CAy  defcribe  the  femicirclc  AEL^ 
and  divide  it  into  12  equal  parts  (beginning  at 
A)  as  yf  r,  Asy  &c.  and  from  thefe  points  of 
divifion^  draw  the  hour  lines  r,  J,  /,  u^  v,  £,  Wg 
and  Xy  all  parallel  to  the  fix  o'clock  line  E  C. 
If  each  part  of  the  femicircle  be  divided  into. 
four  equal  parts^  they  will  give  the  half-hour 
lines  and  quarters,  as  in  Fig.  1.  Draw  the  right 
line  AS  Do,  uiaking  the  angle  SAB  equal  to  the 
latitude  of  your  plare.  Upon  the  center  A  de- 
Icribe  the  arch  RST,  and  fet  off  upon  it  the  area. 
SR  and  ST,  each  equal  to  2^^^  degrees,  for  the 
iun's  greateft  declination  -,  and  divide  them  into 
ajr  equal  parts,  as  in  Fig.  2.  Through  the 
intcrfe&ion  D  of  the  lines  BCD  and  ADc, 
draw  tiie  right  line  FDG  zt  right  angles  to 
AD  0.  Lay  a  ruler  to  the  points  A  and  R^  and 
draw;.the  line  ARF  through  aj-J.  degrees  of 
ibuth  declination  in  the  arc  S R\  and  then  lay- 
ing the  ruler  to  the  points  A  and  T,  draw  the  line 
ATG  through  aji  degrees  of  north  declination 
in  the  arc  ST:  fo  (hall  the  lines  ARF  and 
ATG  cut  the  line  FD  G  in  the  proper  length 
for  the  fcale  of  months.  Upon  the  center  Z>, 
with  the  radius  DF,  defcribe  the  femicircle 
FoG',  and  ^divide  it  into  fix  equal  parts,  Fm, 
mn,  no,  &c.  and  from  thefe  points  of  divifion 
draw  the  ri^t  lines  mh,  n  /,  p  k,  and  q  /,  each 
parallel  to  oD.  Then  fetting  one  foot  of  the 
€ompafles  in  the  point  F,  extend  the  other  to  A, 
and  defcribe  the  arc  Az  H  for  the  tropic  of  kf : 
with  the  iainc  extent^  fetting  one  foot  in  G,  de^ 

fcribc     ^ 
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Ifchht  the  arc  AE  O  for  the  tropic  of  ^.  Karf 
fetting  one  foot  in  the  point  i,  and  extending 
the  other  to  ^,  defer  i  be  the  arc  AC  I  (or  the 
beginnings  of  the  figns  ^  and  t  i  and  with  the 
fame  extent,  fetting  one  foot  in  the  point  4  dc- 
fcribe  the  arc  A  N  for  the  beginnings  of  the 
figns  n  and  SI,  Set  f  foot  in  the  point  i,  and 
having  extended  the  o  *  to  ^>  defcribc  the  arc 
^K  for  the  beginn  of  the  figns  K  and  ^  i 

and  with  the  fanne  c         ,  fct  one  foot  in  k^  and 

/  defcribe  the  arc  AJ^         the  beginnings  of  the 

figns  «  and  ^*     1  fetting  one  foot  in  the 

point  D,  and  extend:  the  other  to  Aj  defcribe 
'  the  curve  AL  for  the  Deginnings  of  *r  and  ^; 

and  the  figns  will  be  finifhed.  This  done,  lay  a 
ruler  front)  the  point  A  over  the  fun's  declination 
in  the  arch  RS'T  (found  by  the  following  tabic) 
for  every  fifth  day  of  the  year  i  and  where  the 
ruler  cuts  the  line  FDG,  make  nnarkss  M 
place  the  days  of  the  months  light  againft  ^tfife 
marks^  in  the  manner  (hewn  by  Fig.  a.  Li0fy» 
draw  the  ihadow  line  P  ^  parallel  to  ihc  occiik 
line  AB',  make  the  gnomon>  and  fet  the  hMrs 
tx)  their  refpeAive  lines^  as  in  Fig.  a.  and  thedill 
will  be  finiflied. 

Jig.  4.  There  arc  fcveral  kinds  of  dials,  which  iit 
called  univerfalj  becaufe  chey  ferve  for  mil  lati- 
tudes. Of  thefe,  the  bed  one  that  I  know,  is 
Mr.  Pardii%^  which  contifls  of  three  principd 
parts :  the  firft  whereof  is  called  the  hmxmid 

An  «jff.   plane  (A)  becaufe  in  the  pradice  it  muft  be  pi-- 

Hfir/aJ  rallel  to  the  horizon.  In  this  plane  isfixt  lA 
upright  pin,  which  enters  into  the  edge  of  the 
fecond  part  B  D,  called  the  meridwMU  flmti 
which  is  made  of  two  pieces,  the  loweft  wheitof 
{B)  is  called  the  quadrani^  becaiife  it  contttoi  a 
quaner  of  a  cu'de,  divided  into  9odigp^ees3  uA 

it 
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k  is  only  into  this  part^  near  B,  that  the  pin  enters. 
The  odier  piece  is  ^Jmicsrcle{D)  adjufted  to  the 
quadrant,  and  turning  in  it  by  a  groove,  for  railing 
or  deprefling  the  diameter /£F)  of  the  femicircle» 
which  diameter  is  called  the  axis  of  the  inftrU'^ 
ment.  The  third  piece  is  a  circle  (G)  divided 
on  both  (ides  into  14  equal  parts,  which  are  the 
hours.  This  circle  is  put  upon  the  meridional 
plane  fo»  that  the  axis  (EF)  may  be  perpendicu- 
lar to  the  circle ;  and  the  point  C  be  the  corn- 
mon  center  of  the  circle,  femicircle,  and  qua- 
drant. The  ftraight  edge  of  the  femicircle  is 
chamfered  on  both  fides  to  a  (harp  edge,  which 
pa0es  through  the  center  of  the  circle.  On  one 
fide  of  the  chamfered  part,  the  firft  fix  months 
of  the  year  are  laid  down,  according  to  the  fun's 
declination  for  their  refpeAive  days,  and  on  the 
Other  fide  the  lad  fix  months.  And  againft  the 
days  on  which  the  fun  enters  the  figns,  there  are 
ftraight  lines  drawn  upon  the  femicircle,  with  the 
charafters  of  the  fi^ns  marked  upon  them. 
There  is  a  black  line  drawn  along  the  middle  of 
the  upright  edge  of  the  quadrant,  over  which 
hangs  a  thread  (//)  with  its  plummet  (I)  for 
levelling  the  inftrumcnt.  N.  B.  From  the  aid 
of  September  to  the  aoth  of  March,  the  upper 
furface  of  the  circle  muft  touch  both  the  center 
C  of  the  femicircle,  and  the  line  of  v  and  ^  ; 
and  fron)  the  20th  of  March  to  the  aid  of  Sep- 
tember, the  lower  furface  of  the  circle  muft 
touch  that  center  and  line. 

To  find  the  time  of  the  day  by  this  dial.  Hav- 
.  ing  fet  it  on  a  level  place  in  fun-(hine,  and  ad- 
jufted it  by  the  levelling  fcrcws  k  and  /,  until  the 
plumb  line  hangs  over  the  back  line  upon  the 
edge  of  the  quadrant,  and  parallel  to  the  faid 
edge;  move  the  femicircle  in  the  quadrant^  until 
3  the 
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the  !inc  of  *r  and  ^  (where  the  circle  mtjches' 

comes  to  tlic  latitude  of  your  place  In  the  qui- 

drane:    thcn>  turn   che  whole  meridional  pi 

-       £  D,  witli  its  circle  (7,  upon  the  hori^onui  pi 

'     y/,  until  the  edge  of  the  fhadow  of  the  circti 

•   ^ ;      falls  prerifcly  on  the  day  of  the  month  in  the 

^  femicircic  e  and  then,  the  merididnal  plane  will 

be  due  north  and  lbu<    ,  the  axis  EP^  will 
parallel  to  the  axis  of  t      worlds  and  will  caft 
ftiadow  upon  the  true  time  of  the  day,  zxtn 
the  hours  on  the  circle. 

N.  3,  Asj  when  the  inftrumcnt  is  thus  rcAi- 
fied,  the  quadrant  and  femicircle  are  in  the  plane 
of  the  meridian,  fo  the  circle  is  then  in  che  plane 
of  the  equinoftial.  Therefore,  as  the  fun  is  above 
the  cquinoAial  in  fummer  (in  northern  ladtiidi»y 
and  below  it  in  Winter ;  the  axis  of  die  fefiii^ 
circle  will  caft  a  fhadow  on  die  hour  of  the  ^, 
on  the  upper  furface  of  the  cirde^  from  the  2Qdi 
of  March  to  the  22d  of  September;  and  from* 
the  2  2d  of  September,  to  the  aotk  of  March, 
die  hour  of  the  day^  will  be  determined  by  the 
fiiadow  of  the  femicircle,  upon  the  lower  (wbct 
of  the  circle*  In  the  forn^er  cafe,  the  fhadow  of 
the  circl6  falls  upon  the  day  of  the  month,  on 
the  lower  part  of  the  diameter  of  the  femicircle; 
and  in  the  latter  cafe  on  the  upper  part* 

The  metliod  of  laying  down  the  months  and 
figns  upon  the  femicircle,  is  as  follows.  Draw 
the  right  line  yiCB,  equal  the  diameter  of  the 
femicircle  AD  B^  and  crofs  it  in  the  middle  at 

Tig.  5*  ri^t  angles  with  the  line  E  CD,  equal  in  length 
to  AD  B ;  then  E  C  will  be  die  radius  of  the 
circle  F  CG,  which  is  the  fame  as  that  of  the 
femicircle.  Upon  £,  as  a  center,  defcribe  the 
circle  FCG,  on  which  fet  off  the  arcs  Cb  and 
a,  each  equal  to  23I-  degrees,  and  divide  them 
accordingly  into  that  number  for  the  fun's  de- 
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tlmation.  Then,  laying  the  edge  of  a  ruler 
over  the  center  £,  and  alfo  over  the  fun's  decli- 
hatio;i  for  every  fifth  day  *  of  each  n^.onth  (as  in 
the  card  dial)  mark  the  points  on  the  diameter 
AB  of  the  femicircle  frooi  a  to  ^,  which  are  cut 
by  the  ruler;  and  there  place  the  days  of  the 
menths  accordingly,  anfwering  the  fun's  declina- 
'tion.  This,  done,  fetting  one  foot  of  the  com- 
pafles  in  C,  and  extending  the  other  to  a  or  g^ 
defcribe  the  femicircle  a  b  c  defg  \  which  divide 
into  fix  equal  parts,  and  through  tht  points  of 
divifion  draw  right  lines,  parallel  to  CD,  for  the 
beginning  of  the  fines  (or  which  one  half  are  on 
one  fide  of  the  femicircle,  and  the  other  half  on 
the  other  fide)  and  fet  the  charafters  of  the  figns 
to  their  proper  lines,  as  in  the  figure. 

The  following  table  fhews  the  fun's  place  and 
declination,  in  degrees  and  minutes,^ at  the  noon 
of  every  day  of  the  fecond  year  after  leap-year ; 
which  is  a  mean  between  thofe  of  leap-year  it- 
Ielf,and  the  firft  and  third  years  after.  It  is 
ufeful  for  infcribing  the  months  and  their  days 
on  fun^dials ;  and  alfo  for  finding  the  latitudes 
of  places,  according  to  the  methods  prefcribed 
after  the  table. 

*  The  intermediate  days  may  be  drawn  in  by  hand,  if 
tke  ipaces  be  large  enoagh  to  contain  them. 
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^4^  Rules  for  finding  tbi  Loiiiude^ 

7ofind  the  ktituie  of  any  place  hy  ohjervatm. 

The  latitude  of  any  place  is  equal  to  the 
elevation  of  the  pole  above  the  horizon  of  that 
pkce.  Therefore  it  is  plain,  that  if  a  ftar  was 
n%t  in  the  pole,  there  would  be  nothing  re- 
quired to  rind  the  latitude,  but  to  take  the  al- 
titude of  that  ftar  with  a  good  inftrumcnt.  But 
although  there  is  no  liar  in  the  pole,  yet  the 
latitude  may  be  found  by  taking  the  grcaieft 
and  leaft  altitude  of  any  ftar  that  never  fets  :  for 
if  half  the  difference  between  thefe  altitudes  be 
added  to  the  leaft  altitude,  or  fubtraftcd  from 
the  gieateft,  the  fum  or  remainder  will* be  equal 
to  the  altitude  of  the  pole  at  the  place  of  obfcr- 
vation. 

.But  becaufe  the  length  of  the  night  muft  be 
more  than  1 2  hours,  in  order  to  have  two  fuch 
obfervations  j  the  foil's  meridian  altitude  and  de- 
clination are  generally  made  ufe  of  for  finding 
the  latitude,  by  means  of  its  complement,  which 
is  equal  to  the  elevation  of  the  equinodial  above 
the  horizon ;  and  if  this  complement  be  fubtraft- 
ed  from  90  degrees,  the  remainder  will  be  the 
latitude,  concerning  which,  I  think,  the  follow- 
ing rules  take  in  all  the  various  cafes. 

I.  If  the  fun  has  north  declination,  and  is  on 
the  meriilian,  and  to  the  fouth  of  your  place, 
fubtraft  rhe  declination  from  the  meridian  alti- 
tude (taken  by  a  good  quadrant)  and  the  re- 
mainder will  be  the  height  of  the  equinoAial  or 
complemej.t  of  the  latitude  north.  ^ . 


EXAM- 
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* 
EXAMPLE. 

SoDDofe    \  ^^^  fun's  meridian  altitude  42®  loT  South 
^^       I  And  his  declination,  fubt.     10     ly  North 

Rem.  the  complement  of  the  lat.  3a    5 
Which  fubtraft  from     —    —     90    o 

And  the  remainder  is  the.  latitude  57  55  North 

1.  If  the  fun  has  fouth  declination,  and  is 
fouthward  of  your  place  at  noon,  add  the  de- 
.  clinarion  to  the  meridian  altitude ;  the  liim,  if 
lefs  than  90  degrees,  is  the  complement  of  the 
latitude  north :  but  if  the  fum  exceeds  90  de- 
grees, the  latitude  is  fouth ;  and  if  90  be  taken 
from  that  fum,  the  remainder  will  be  the  lati- 
tude. 

•       EXAMPLES. 

The  fun's  meridian  altitude  —  6^'^    10''  South 
The  fun's  declination,  add  —  15     jo  South 

Complement  of  the  latitude  —  80    40 
Subtraft  from         —         —       90       o 

Remains  the  latitude         —        9     20  North 

The  fun's  meridian  altitude  —  8o**   40^  South 
The  fun's  declination,  add   —  20     10  South 


The  fum  is      —      —      —     100     50 
From  which  fubtraft     —     —    90       o 

Remains  the  latitude    —    —     10     50  South 

3.  If 


^ks  for  finimg  the  Latitude. 


3,  If  the  fun  h^  north  declination,  and  is  on 
the  meridian  north  of  your  place,  add  the  decli- 
nation to  the  north  meridian  altitude  j  the  funrii 
if  Icfs  than  90  degrees,  is  the  complement  of 
the  latitude  fouth :  out  if  the  fum  is  more  than 
50  degrees,  fubtraft  90  from  it,  and  the  re* 
itiainder  is  the  latitude  north. 


EXAMPLES. 


Sun's  meridian  altitude 
Sun's  declination^  add 

udci^ 

6o« 

20 

^t/ North 
10  North 

Complement  of  the  latit 
Subtrad  from       — 

.  80 
90 

40 
0 

Remains  the  latitude 

— 

9 

%o  South 

Sun's  mcridijm  altitude 
Sun's  declination^  add 

II  ,1 

70' 
23 

ao'  North 
ao  North 

The  fum  is         — 
From  which  fubtraft 

93 
90 

40 
0 

Remains  the  latitude    « 

•^  — 

■    3 

40  North 

4.  If  the  fun  has  fouth  declination,  and  \%  north 
of  your  place  at  noon,  fubtrad  the  declination 
from  the  north  meridian  altitude,  and  the  re- 
mainder is  the  complement  of  the  latitude 
ibuth. 


EXAM* 
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^$ 


EXAMPLE. 

f5un*s  meridian  altitude     —      51*   30^  Nordi 
Sun's  declination^  ibbtra£fc  ao     10  South 


Complement  of  the  latitude       3a    20 
Subtrad  this  from     -^     —    90      o 

And  the  remainder  is  the  latitude  57    40  South 

^.  Jf  the  fun  has  no  declination^  and  b  fouth 
of  your  place  at  noon^  the  meridian  altitude  is 
the  complement  of  the  latitude  north:  but  if 
the  fun  be  then  north  of  your  place,  his  meri- 
dian altitude  is  the  complement  of  the  latitudp 
(buth. 


E  X  A  M  J  L  E  S. 


Sun*s  meridian  altitude     — 
Subtraftfrom    -—    —    — 


38*  30'  South 
90      o 


Remains  the  latitude      — ^        51     30  North 


Sun^s  meridian  altitude     — 
Subtrad  from        —       ■— 


38*   30' North 
90      o 


Reipain?  the  latitude        —      51     30  South 

6.  If  you  obferve  the  fun  beneath  the  pole, 
iubtraft  his  declination  from  90  degrees^  and 
add  the  remainder  to  bis  altitude  ^  and  die  fum 
}s  the  latitude. 


J£XAM- 


^ygS  Rules  pr  Ending  the  Lmitudi^ 

EXAMPLE. 

,  Sudd's  declination    -^        — •      ao** 

Sybtraft  firom        ^       —      90 


■^ri^ 


Remains        _        —        _    69     Jo7    ,, 
Sun's  altitude  below  the  pole         10     20  5 

The  fum  is  the  latitude      —       79     50 

,  Which  is  north  or  fbuth,  according  as  t|te  fun's 
flccliiiation  is  north  or  fouth  :  for  when  the  fun 
has  fouth  declination,  he  is  never  feen  below  the 
north  pole ;  nor  is  he  ever  feen  below  the  fouth 
pole,  when  his  declination  is  north. 

7.  If  the  fun  be  in  the  zenith  at  noon,  and 
at  the  fame  time  has  no  declination,  you  are 
then  under  the  equinoftial,  and  fo  have  no  lari- 
tudc. 

8.  If  the  fun  be  in  the  zenith  at  aoon,  and 
has  declination,  the  declination  is  equal  to  the 
latitude,  north  or  fouth.  Thefe  two  cafes  arc  fa 
plain,  that  they  require  no  examples. 


L  E  C  T.     XI. 

Of  BiaVtng. 

HAVING  fhewn  in  the  preceding  Lec- 
ture how  to  make  fun-dials  by  the  aflift- 
ance  of  a  good  globe,  or  of  a  dialing  fcale,  wc 
jhall  now  proceed  to  the  nnethcd  of  conftruAing 
dials  arithmetically ;  which  will  be  more  agree- 
able to  thofe  who  have  learnt  the  elements  of 

trigo- 
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trigonometry,  becaufe  globes  and  Tcales  can 
never  be  fo  accurate  as  the  logarithms,  in  find- 
ing the  angular  diftances  of  the  hours.  Yet,  as 
a  globe  may  be  found  exaft  enough  for  fome 
other  requiiites  in  dialing,  we  (hall  take  it  in  oc-^ 
cafionally. 

The  conftruftion  of  fun-dials  on  all  planes 
whatever,  may  be  included  in  one  general  rule  i 
intelligible,  if  that  of  a  horizontal  dial  for  any 
given  latitude  be  well  underftood.  For  there  is 
lu)  plane,  however  obliquely  fituated  with  re- 
fpcd;  to  any  given  place,  but  what  is  parallel 
to  the  horizon  of  fome  other /place ;  and  there- 
fore, if  we  can  find  that  other  place  by  a  pro- 
blem on  the  terreftrial  globe,  or  by  a  trigonome- 
trical calcylation,  and  conftruft  a  horizontal  dial 
for  it ;  that  dial,  applied  to  the  plane  where  it  is 
to  ferve,  will  be  a  true  dial  for  that  place.— *Thus, 
an  ereft  direftfbuth  dial  in  51I  degrees  north 
latitude,  woiild  be  a  horizontal  dial  on  the  fame 
meridian,  90  degrees  fouthward  of  51^  degrees 
horth  latitude  -,  which  falls  in  with  384.  degrees 
of  fouth  latitude ;  but  if  the  upright  plane  de- 
clines from  facing  the  fouth  at  the  given  place, 
it  would  ftill  be  a  horizontal  plane  90  degrees 
from  that  place  5  but  for  a  different  longitude : 
which  would  alter  the  reckoning  of  the  hours 
accordingly. 

CASE    L 

I.  Let  us  fuppofe  that  an  upright  plane  at 
London  declines  36  degrees  wcftward  from 
facing  the  fouth ;  and  that  it  is  required  to  find 
a  place  on  the  globe,  to  -whofe  horizon  the  faid 
plane  is  parallel  j  and  alfo  the  difference  of  lon- 
gitude between  London  and  that  place, 

Reftify 
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Reftify  the  globe  to  the  latitude  of  LondoiT) 
and  bring  London  to  the  zenith  under  the  brais 
nicridian,  then  that  point  of  the  globe  which  lies 
in  the  horizon  at  the  given  degree  of  declinarion 
(cc^unted  weftward  from  the  fouch  point  of  the 
horizon)  is  the  place  at  which  the  above-men- 
tioned plane  would  be  horizontal* — ^Now^  to  find 
die  latitude  and  longitude  of  that  place,  keep 
your  eye  upon  the  place,  and  turn  the  globe  caft- 
ivard,  until  it  comes  under  the  graduated  edge 
of  the  brafs  meridian  i  then,  the  degree  of  the 
brafs  meridian  that  Hands  direftly  over  the  place, 
is  its  latitude  i  and  the  number  of  degrees  in  the 
equator,  which  arc  intercepted  between  the  me- 
ridian of  London  and  the  brafs  meridian,  is  the 
place's  difference  of  longitude. 

Tlius^  as  the  latitude  of  London  is  5 1 1  de« 
grees  norths  and  the  declination  of  the  place  is 
36  degrees  weft;  I  elevate  the  north  pole  51} 
degrees  above  the  horizon,  and  turn  the  globe 
until  London  comes  to  the  zenith,  or  under  the 
graduated  edge  of  the  meridian ;  then,  I  count 
36  degrees  on  the  horizon  weftward  from  the 
fouth  point,  and  make  a  mark  on  that  place  of 
the  globe  over  which  the  reckoning  ends,  and 
bringing  the  mark  under  the  graduated  edge 
of  ithe  brafs  rtieridian,  I  find  it  to  be  under  Jo  J 
degrees  in  fouth  latitude :  keeping  it  there,  I  count 
in  the  equator  the  nuniber  of  degrees  between 
the  meridian  of  London  and  the  brafen  meridian 
(which  now  becomes  the  meridian  of  the  required 
place)  and  find  it  to  be  42 J.  Therefore  an  up- 
right plane  at  London,  declining  36  degrees 
weftward  from  the  fouth,  would  be  a  horizontal 
plane  at  that  place,  whofe  latitude  is  30$  degrees 
fouth  of  the  equator,  and  longitude  4a  J  degrees 
weft  of  the  meridian  of  London. 

Which 


i 


I 

1 


i. 
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lich  difibrence  of  longitude  being  converted 
mCj  is  2  hours  5 1  minutes, 
e  vertical  dial  declining  weftward  ^6  de- 
at  London^  is  therefore  to  be  drawn  in  all 
its  as  a  horizontal  dial  for  fouth  latitude 
legrecsj  fave  only,  that  the  reckoning  of 
ours  is  to  anticipate  the  reckoning  on  the 
Hital  dial,  by  2  hours  5 1  minutes :  for  fo 

iboner  will  the  fun  come  to  the  meridian 
>ndoni  than  to  the  meridian  of  any  place 

longitude  is  42^  degrees  weft  from  Lon- 

But  to  be  more  exadl:  than  the  globe  will 

us,  we  {hall  ufe  a  litde  trigonometry. 

c  iV£  ^  ^  be  the  horizon  of  London,  piate 

zenith  is  Z,  and  P  the  north  pole  of  the  XXIII. 
?  5  and  \tt  Zb  be  the  pofition  of  a  vertical  ^*g*  »• 

at  Z,  declinmg  weftward  from  S  (the 
\   by  an  angle  of  2^  degrees;  on  which 

an  ered  dial  for  London  at  Z  is  to  be 
bed.  Make  the  femidiameter  Z  D  perpen- 
X  to  Zh^  and  it  will  cut  the  horizon  in  JD, 
grees  weft  of  the  fouth  S.    Then,  a  plane 

tangent  i7D,  touching  the  fphere  in  D, 
e  parallel  to  the  plane  Z  b ;  and  the  axis  of 
^here  will  be  equally  inclined  to  both  thefe 

C  JV^E  be  the  equinodbial,  whofe  eleva- 
\yy7t  the  horizon  of  Z  (London)  is  38I 
esj  and  PRD  ht  the  uieridian  of  the 
Dy  cutting  the  equinoftial  in  R.  Then, 
evident,  that  the  arc  if  D  is  the  latitude  or 
lace  B  (where  the  plane  Z  h  would  be  hori- 
il)  and  the  arc  R^\s  the  difference  dflon- 
le  of  the  planes  Z  h  and  D  H. 
i  the  fpherical  triangle  ^D  R,  the  arc  ff^D 
ven,  for  it  is  the  complement  of  the  plane's 

decli- 


554  ^f  ^^^^i^S* 

declination  from  ^^  the  fouth ;  which  complc- 
'  ^  mcnt  is  54^  (viz.  90* — 36*)  t  the  angle  at  /J, 
in  which  the  meridian  of  the  place  D  cuts  the 
equator,  is  a  right  angle  1  ind  rhe  angle  R  WD 
meafures  che  elevation  of  the  equinoftial  above 
the  horizon  of  Z,  namely  38 1  degrees.  Say 
therefore,  as  radius  is  to  the  confine  of  the 
plane's  declination  from  the  fouth,  lb  is  the  co- 
fine  of  the  latitude  of  Z  to  the  fine  of  it  2)  the 
latitude  of  D:  which  is  >f  a  different  denomi- 
nation from  the  latitude  of  Z>  becaufe  Z  and  D 
arc  on  different  fides  of  the  equator. 

As  radius  ^^  —  —  —  10.00000 
To  co-fine  36*  d'^if  ^  9.90796 
So  co-fine  51"  Jo'^^^Z      9^79415 

To  fine  30*^  i4^rrZ)i?     (9.70211)  =i 

the  latitude  of  Z>,  whofe  horizon  is  parallel  to 
the  vertical  plane  Zh  at  Z. 

N.  Bi  When  radius  is  made  the  firft  tenti,  it 
may  be  omitted,  and  then,  by  fubtrafting  it 
pientally  from  the  fum  of  the  other  two^  the 
operation  will  be  Ihortened.  Thus,  inthepre- 
fent  cafe. 

To  the  logarithmic  fine  of  W  R-ri*.  54**    o'    ^.90796 
Add  the  logarithmic  fine  of  R  Z)2f    38^  30"*    9*7941  j! 

- 

Their  fum— radius  —  —  —  9.7021 1 
gives  the  fame  folution  as  above.  And  we  /hall 
keep  to  this  method  in  the  following  part  of  the 
work. 


•  The  co-fine  of  36*    o\  or  of  R  ^ 
t  The  co-fine  of  51^  30',  or  of  ^Z^ 


i 
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To  find  the  difference  of  longitude  of  the 
places  T>  and  Z,  fay,  as  radius  is  to  the  co-fine 
of  38  f  degrees,  the  height  of  the  equinoftial  at 
Zy  fo  is  the  co-tangent  of  36  degrees,  the  plane's 
declination,  to  the  co-tangent  of  the  difference 
of  longitudes.     Thus, 

To  the  logarithmic  fine  of  *  51*  30^    9'^93S^ 
Add  the  logarithmic  tang,  off  54*    o^  10.13874 

Their  fum*— -radius  -  -  -  -  10.03228 
is  the  nearefl  tangent  of  47*  8^  —  JVRi  which 
is  the  co-tangent  of  42"*  52^  =  if  ^  the  dif- 
ference of  longitude  fought.  Which  difference, 
being  reduced  to  time,  is  2  hours  51^  minutes. 

3.  And  thus  having  found  the  exaft  latitude 
and  longitude  of  the  place  JD,  to  whofe  horizon 
the  vertical  plane  at  Z  is  parallel,  we  fhall  pro- 
teed  to  the  conftru6tion  of  a  horizontal  dial  for 
the  place  D,  whofe  latitude  is  30**  14''  fbuth ; 
but  anticipating  the  time  at  JD  by  2  hours  5 1 
minutes  (negleding  the  |  minute  in  praftice) 
becaufe  I)  is  fo  far  weftward  in  longitude  from 
the  meridian  of  London ;  and  this  will  be  a 
true  vertical  dial  at  London,  declining  weftward 
^S  degrees. 

AflTume  any  right  line  CSL  for  the  fubftile  of  Fig.  2. 
the  dial,  and  make  the  angle  KCP  equal  to 
the  latitude  of  the  place  (viz.  30**  14^)  to  whofe 
horizon  the  plane  of  the  dial  is  parallel  j  then 
C RP  will  be  the  axis  of  the  ftile,  or  edge  that 
cafts  the  (hadow  on  the  hours  of  the  day,  in  the 
dial.  This  done,  draw  the  contingent  line  E  /^^ 
cutting  the  fubftilar  line  at  right  angles  in  K ; 

•  The  cofmc  of  38^  30',  or  of  l/'Z)  R. 
\  The  co-tangcnt  of  36®,  or  of  D  //'. 

A  a  and 
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rom  A"  make  K  R  perpendicular  to  the  axis 

^     Then  KG  {':^K R)  being  made  radius, 

t       IS,  equal  to  the  chord  of  60*  or  tangent  of 

)n  a  gpod  fedor,  take  42*  52^  (the  difftr- 

of  longitude  of  the  places  Z  and  D)  from 

:angentSj  and  having  fet  it  from  K  to  M 

aw  CM  for  the  hour-linc  of  XII ,     Take  KN 

equal  to  t^***  ri«r**.*^[  ^f  afi  angle  lefs  by  15  dc- 

I  thai^  d        s,  the  tangent  27*  52^1  j 

1  1        'draw  C iV  for  the  hoor- ' 

\.      I       ^1       It  of  II*  52^  (which  i%\ 

lels  -"-      '       ►  off  the  lame  way,  i^iUj 

j     c  a  ]  .  and  N,  through  which 

the  hour-lme  01  11  iS  1     be  drawn.     The  tan* 

gent  of  2*"  S"*  (the  di    Tence  between  45*  and 

42*  5'20  placed  on  the  other  fide  of  Ci,  will 

determine  the  point  through  which  the  hour- line 

of  in  is  to  be  drawn:    to  which  a"*  S'',  if  ihc 

tangent  of  ij*  be  added,  ic  will  make   t7*  S'j 

and  this  fet  off  from  K  toward  ^  on  the  Imc 

E^  will  give  the  point  for  the  hour-line  of 

IV  ;  and  fo  of  the  reft, — The  forenoon  hour* 

lines  are  drawn  the  fame  way,  by  the  continual 

addition  of  the  tangents  i£*,  2^"^*  45^  2cc.  to 

42'  52^^  (=the  tangent  of  KM)  for  the  hours 

of  XI,  X,  IX,  &c.  as  far  as  neceflary  5  that  is, 

until  there  be  five  hours  on  each  fide  of  the  fob- 

ftile.     The  fixth  hour,  accounted  from  that  hour 

or  part  of  the  hour  on  which  the  fubftik  falls, 

will  be  always  in  a  line  perpendicular  to  the  l\>b- 

ftile,  and  drawn  through  the  center  C 

4,  In  all  ereft  dials,  CAfj  the  hour-Unc  of 
XII,  is  perpendicular  to  the  horizon  of  the 
place  for  which  the  dial  is  to  iervc ;  for  that 
line  is  the  interftflion  of  a  vertical  plane  with 
the  plane  of  the  meridian  of  the  place,  both 
which  are  perpendicular  to  the  plana  of  the 

hoiizoa: 


I 


0/J>iali»g,  3J7 

»  .         . 

horizon  t  and  any  line  i70,  or  bo^  perpcndU 
cular  to  CM,  will  be  a  horizontal  line  on  the 
plane  of  the  dial,  along  which  line  the  hours 
may  be  numbered :  and  CM  being  fet  perpen- 
dicular to  the  horizon,  the  dial  will  have  its  true 
.  portion. 

5.  If  the  plane  of  the  dial  had  declined  by  an 
equal  angle  toward  the  eaft,  its  defcription  would 
have  differed  only  in  this,  that  the  hour-line  of 
XII  would  have  fallen  on  the  other  fide  of  the 
fubftile  C L,  and  the  line  HO  would  have  a 
fubcontrary  pofition  to  what  it  has  in  this 
figure. 

6.  And  thefe  two  dials,  with  the  upper  points 
<rfF  their  ftiles  turned  toward  the  north  pole,  will 
fcrve  for  the  other  two  planes  parallel  to  them ; 
the  one  declining  from  the  north  toward  the 
caft,  and  the  other  from  the  north  toward  the 
weft,  by  the  fame  quantity  of  angle.  The  like 
holds  true  of  all  dials  in  general,  whatever  be 
their  declination  and  obliquity  of  their  planes  to 
the  horizon. 


CASE    11. 

7.  If  the  plane  of  the  dial  not  only  declines^  Fig.  3; 
but  alfo  reclines^  or  inclines.  Suppofe  its  declina- 
tion from  fronting  the  fouth  S  be  equal  to  the  arc 
S  D  on  the  horizon ;  and  its  reclination  be 
equal  to  the  arc  Dd  o(  the  vertical  circle  D  Z : 
then  it  is  plain,  that  if  the  quadrant  of  altitude 
ZdD,  on  the  globe,  cuts  the  point  D  in  the 
horizon,  and  the  reclination  is  counted  upon  the 
quadrant  from  J>  to  ^;  the  interfcftion  of  thp 
hour-circle  P  Rd,  with  the  equinoftial  fF^E, 
^nU  determine  R  d,  the  latitude  of  the  place  d, 
A  a  2  wbofc 
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horizon  is  parallel  to  the  given  plane  2  b 
and  R  !^^  will  be  the  diScrcncc  in  bngi-  - 
>f  the  planes  at  d  and  2.  f 

igonometricaliy  thus :  lei  a  great  circle  piTs 
jh  the  three  points   ff^^  d^  Ei    and  in  the 
[Ic   WDd^    right-angled  at  D,    the  fides 
and  D  ^  are  given  ^  and  thence  the  angle " 
d  is  found,  and  ft>  is  the  hypothenufc  /f^rf. 
.ncc,    \T  the  fum,    of  D  Wi 
\  cl       rion  of  the   equinodial 
4  af       gives  the  angle  d  fVR  \ 

w  ui  the  triangle  fVR  d  was 
g  t  iiuw  twiji  wticnce  the  fides  /f  ^^  and  W^^ 
arc  foundi  the  former  1  ctng  the  latitude  of  the 
place  d^  and  the  latter  tne  complement  of  ^^ 
the  difference  of  Jongitude  fonght.  M 


Thus,  if  the  latitude  of  the  place  Z  be  51*  id 
north  i  the  decUnation  S  D  o(  the  plane  ZA 
(which  would  be  hori*Eontal  at  i/)  be  36",  and 
the  reclination  be  15"*^  or  equal  to  the  arc  Drf; 
the  Jbuth  latitude  of  the  place  d,  that  is,  the  arc 
Rd,  will  be  15**  /;  and  ii^  the  difference  of 
the  longitude,  ^^6"  2^,  From  thele  data,  there- 
fore, let  the  dial  (Fig.  4.)  l?e  defcribed,  as 
in  the  former  example. 

8,  Only  it  is  to  be  obferved,  that  in  the  re- 
clining or  inclining  dials,  the  horizontal  line 
will  not  (land  at  right  angles  to  the  hour-line  of 
XII,  as  in  ered  dials;  but  its  pofition  maybe 
found  as  follows. 
Fig.  4.  To  the  common  fubftilar  line  C  K  L,  oa 
,  which  the  dial  for  the  place  d  was  defcribedf 
draw  the  dial  Crpm  12  for  the  place  Dy  whofe 
declination  is  the  fanae  as  that  of  dy  viz.  the  arc 
4S  /-) ;  and  HOj  perpendicular  to  Cw,  the  hour<* 
line  of  XII  on  this  dial,  will  be  a  horizontal  line 
on  the  dial^  CPRMXII^¥qt  \h^d^^§}mm 

of 
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of  both  dials  being  the  fame^  the  horizontal  line 
remains  parallel  to  itfclf,  while  the  ere£t  pjfition 
of  one  dial  is  reclined  or  inclined  with  rcipeft  to 
the  pofition  of  the  other. 

Or,  the  pofition  of  the  dial  may  be  found  by 
applying  it  to  its  plane,  fo  as  to  mark  the  true 
hour  otthe  day  by  the  fun,  as  fhewn  by  another 
dial ;  or  by  a  clock,  regulated  by  a  true  meri- 
dian Ijne  and  equation  table. 

g.  There  are  fcveral  other  things  requifite  in 
the  praftice  of  diaiing;  the  chief  of  which  I 
fliall  give  in  the  form  of  arithmetical  rules, 
fimple  and  eafy  to  thofe  who  have  learnt  the  ele- 
ments of  trigonometry.  For  in  practical  arts  of 
this  kind,  arithmetic  ihould  be  ufed  as  far  as 
it  can  go ;  and  fcales  never  tnifted  to,  except  in 
the  final  conftruftion,  whtrc  they  are  abfolute!)^ 
ncceflary  in  layinji;  clowii  the  calculated  Iiour- 
diftances  on  the  piiiic  ol  the  dial,  /lid  al- 
though the  inir».iuljle  artifts  of  this  ;!..  eropolis 
have  no  occafion  for  fuch  inftruftions,  yet  they 
may  be  of  fome  ufe  to  ftuJents,  and  to  private 
gentlemen  who  amufc  dicmlclves  this  way. 


RULE     I. 

7c  find  the  angles  "yvhkh  the  hour-lines  on  any  dial 
make  with  tbejubjlile. 

To  the  logarithmic  fine  of  the  given  latitude, 
or  of  tlic  ftile's  elevation  above  the  plane  of  tlie 
dial,  add  the  logarithmic  tangent  of  the  hour 
diftance   ♦    from   the  meridian,   or   from    the 

♦  That  is,  of  15,  30,  45,  60,  75**,  for  the  hours  of  I, 
IJ,  HI,  IV,  V  in  the  aftcrwoon  :  and  XI,  X,  IX,  VIII, 
Vil  in  the  forenoon. 

A  a  3  fub- 


fubftilc  f  t  tnd  the  fiim  minus  radius  wxU  be  Ae 
logarithmic  tangent  of  the  aoglc  foiighf. 

For,  in  Fig,  %.  KC  \%  m  K M  m  the  rada 
compounded  of  the  ratio  of  KC  to  KG  {':zKR) 
and  of  AG  to  KMi  which,  making  CX  the 
radius,    io,oocx:)00,    or   10,0000,   or   10  or  i^ 
^  are  the  ratio  of  10,000000,  or  of  io>oooo^  or 

of  10,  oi  of  i^  to  KG  ^  KM. 

Thus,  in  a  horizontal  dial>  for  latitude  51' 
30^,  to  find  the  angular  diftince  of  XI  in  rhe 
forenoon^  or  1  in  the  afternoon,  from  XII, 

To  the  logarithmic  fine  of  5  i*  30'  9.89354^ 

Add  the  logarithmic  tang,  of  15*    t/  9.42^05 

The  fum—radius  is    -      -      -     9*32i593S^ ' 
the  logarithmic  tangent  of  1 1*  50',  or  01  the 
angle  which  the  hour^line  of  XI  or  I  makd 
^ch  the  hour  of  XII. 

And  by  computing  in  this  manner,  widi  tte 
fine  of  the,  latitude,  and  the  tangents  of  3O1 
45,  60,  and  75*,  for  the  houre  of  II,  III,  IVf 
and  V  in  the  afternoon  j  or  of  X,  IX,  Villi 
and  VII  in  the  forenoon ;  you  will  find  their  an- 
gular diftanccs  fi-om  XII  to  be-24*  i8^  38*  /i 
53*  35^  ^"d  71*  6^;  which  are  all  that  thoe 
i^  occafiofi  to  compute  for.— —And  thefc  dif- 
tanccs may  be  fet  off  from  XII  by  a  liiic  of 
chords ;  or  rather,  by  taking  1000  from  a  f&k 
of  equal  parts,  and  fetting  that  extent  as  a  ri: 
dius  fi-om  C  to  XII :  and  dien,  taking  1209  of 

f  In  all  horitDotal  dials,  tad  trtSt  north  or  iboth  diabt 
the  fubltile  and  meridian  «re  the  fame  ;  bat  in  all  dectini^ 
6ikU,  the  fiiMile  line  makes  an  angid  with  the  meridian. 

X  lii  which  caie,  the  radios  Ca  k  fopjpded  to  hedi^ 
Tided  into  looooop  e^ttal  parti« 

Ac 
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the  fame  parts  (which,  in  the  tables,  art  the 
natural  tangent  of  ii*  50^)  and  fetting  them 
from  XII  to  XI  and  to  I,  on  the  line  b  Oy  which  Fig.  i. 
is  perpendicular  to  C  XII :  and  fo  for  the  reft 
of  the  hour-lines,  which  in  the  table  of  natural 
tangents,  againft  the  above  diftances,  are  451, 
782,  1355,  and  2920,  of  fuch  equal  parts  from 
XII,  as  the  radius  CXII  contains  1000.  And 
laftly,  fet  off  1257  (the  natural  tangent  of  51* 
30^)  for  the  angle  of  the  ftile*s  height,  which  is 
equal  to  the  latitude  of  the  place. 

The  reafon  why  I  prefer  the  ufe  of  the  tabular 
numbers,  and  of  a  fcale  decimally  divided,  to 
that  of  th^  line  of  chords,  is  becaufe  there  is  the 
leaft  chance  of  miftake  and  error  in  this  Way  5 
and  likewife,  becaufe  in  fome  cafes  it  gives  us 
the  advantage  of  a  nonius^  divifion. 

In  the  univerfal  ring-dial,  for  inftance,  the 
divifions  on  the  axis  are  the  tangents  of  the 
angles,  of  the  fun's  declination  placed  on  either 
fide  of  the  center.  But  inftead  of  laying  them 
down  from  a  line  of  tangents,  I  would  make  a 
kale  of  equal  parts,  whereof  1000  fhould  an- 
fwer  exaflly  to  the  length  of  the  femi-axis,  from 
the  center  to  the  infide  of  the  equinoftial  ring ; 
and  then  lay  down  434  of  thele  parts  toward 
c^ch  end  from  the  center,  which  would  limit  all 
the  divifions  on  the  axis,  becaufe  434  are  the 
natural  tangeqt  of  23*  29^  And  thus  by  a 
nofdus  affixed  to  the  Aiding  piece,  and  taking  the 
fun's  declination  from  an  Ephemeris,  and  the 
tangent  of  that  declination  from  the  table  of  na- 
tural tangents,  the  Aider  might  be  always  fet 
true  to  within  two  minutes  of  adegree. 

And  this  fcale  of  434  equal  parts  might  be 

placed  right  againft  the  231  degrees  of  the  fun's 

decUnationj   on  the  axis;    inftead  of  die  fun's 

A  a  4.  place. 
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place,  which  h  there  of  very  little  ufe*  For  then^ 

•  /  the  llklcr  mighc  be  fct  in  the  ufual  way,  to  the 

day  of  the  month>  for  common  ufe  j  but  to  the 
.    ■"      n:itu/al  t;ingent  of  the  declitiation,  when  great 
accuracy  iv  rt'quir^^J. 

The  like  may  be  done  whtrcver  a  fcalc  of  fines 
or  ungcncs  is  required  on  any  inftrument, 

^ 

R  U  L  E    IL 

^e  latitude  &f  the  plme^  tbefm^s  decUfmiim^  mid 
bis  hour  Sjlmue  from  ihc  tmridim^  heu^  ^ivmi 
igfind  {i*)  bis  alHiude  i  (2,)  bis  azimmb. . 

Kg.  3.         I.  Let  ^/be  the  fun*s  place,  d R^  his  declina^ 

tion  :  and  in  the  triangle  P  Z  dy  P  d  the  fum^  ' 
or  the  difFcrencei  of  dR,  and  the  quadrant  PR 
being  given  by  the  fuppofition,  as  alfo  the  com- 
plement of  the  latitude  P  Z,  and  the  angle 
'  dP  Zy  which  meafures  the  horary  diftance  of  J 
from  the  meridian  5  we  fliall  (by  Cafe  4.  of 
Keiir^  Oblique  fpheric  Trigonometry)  find  the 
bafe  ZJ,  which  is  the  fun*s  diftance  from  the 
zenith,  or  the  complement  of  his  altitude. 

And  (2.)  As  fine  Zd:  fine  Pd  : :  fine  dPZi 
dZPy  or  of  its  fupplcment  DZS^  the  azimuthal 
diftance  from  the  fouth. 

Or,  the  praftical  rule  may  be  as  follows. 

Write  A  for  the  fine  of  the  fun's  altitude,  L 
and  /  for  the  fine  and  co-fine  of  the  latitude,  t) 
and  d  for  the  fine  and  co-fine  of  the  fun's  de- 
clination, and  //  for  the  fine  of  the  horary  dif- 
tance from  VL 

Then  tljie  relation  of  H  to  A  will  have  three 
varieties. 

1.  When 
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1.  When  the  declination  is  toward  the  ele- 
vated pole,  and  the  hour  of  the  day  is  between 
XII  and  Vli  it  is  ^  =  XD  +  HU,  and 

id 

2.  When  the  hoiir  is  ^ter  VI,  it  is  yfzzLD 

-ff/^,andfl=^£±^- 

la 

3.  When  the  declination  is  toward  the  de- 
preffed    pole,    wc   have  A:::^Hld^LD^    and 

" TJ- 

Which  theorems  will  be  found  ufeful,  and 
expeditious  enough  for  folving  thofe  problems 
in  geography  and  dialing,  which  depend  on  the 
relation  of  the  fun*s  altitude  to  the  hour  of  the. 
day. 

EXAMPLE     I. 

Suppofe  the  latitude  of  the  place  to  be  5if 
degrees  north  j  the  time  five  hours  diftant  fiJx)m 
XII,  that  is,  an  hour  after  VI  in  the  morning, 
or  before  VI  in  the  evening :  and  the  fun's  de- 
clination 20*  north.  RequireatbeJutCs  altitude  f 

Then,  to  log.  L=.log.  fine  51*  30'  I-893S4* 
add  log.  D  =:  log.  fine  %^    d  1.53405 

Their  fum        -  -         -         ^A}1SS 

gives   L  D  =  logarithm  of  0.267664,    in   the 
natural  fines. 

*  Here  we  confider  the  radius  at  nnity,  and  not  io,oeooo, 
by  which,  inflead  of  the  index  9,  we  have— 1 «  as  above : . 
which  is  of  no  farther  ufe,  than  making  the  work  a  little 
caller. 

And) 
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%  log-  H~  fog.  fine  f  15*  o^    141300 

log.  /  =  iog.  fmc  %  38*  </     1-79414 
1^     log.  rf  =  log,  liiic   D  70*  o"^     1-97JOO 

1       r  fum         -  -  -  iaSoi4 

givci  //rf  =  logaridim  of  0.151408,  m  die 
namrai  lines* 

Aiid  the fr.  two  numbers  (of  0. 16  7  664  and 
0,151408)  «  72  ^  Ai   which,  in 

tfie  table,  is  itural  fine  of  24*  47', 

the  fun's  akituae  3         t. 

The  fame  hour  being  aflumed  on  the 

other  fide  of  VI,  > — Hid  is  0.1 16256, 

the  fine  of  6*  40^ }  j  which  is  the  fun's  alttmde 
at  V  in  the  morning,  or  VII  in  the  evening 
when  his  north  declination  is  20*. 

But  when  the  declination  is  20*  fouth,  (or  to- 
ward the  deprefled  pole)  the  diflference  Hld^ 
LD  becomes  negative,  and  thereby  fhcws  that, 
a  hour  before  Vi  in  the  morning,  or  paft  VI  in 
the  Evening,  the  fun's  center  is  6*  40^4.  bekm 
|he  horizon. 


EXAMPLE    IL 

In  the  fame  latitude  and  north  decIinadofi| 
from  the  given  altitude  to  find  the  hbun 

Let  the  altitude  be  48* ;  arid  becaufe,  in  this 

cafc7y=:  -3—^,  and  J  (the  natural  ^c  of 

48**)  =  .743145,  and  £D  =1.267664,  A^LJi 

t  Th«  iittk^tk  df  dte  iroiir  from  VI. 
I  The  ro-latitdde  df  the  plabe. 

wDl 
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willbc  0*475481,  whofe  logarithmic 

fine  is  -     .    -  -        I-677I33I 

from  which  taking  the  logarithmic 

fine  of  /  +  d  =         -         -       1.7671354 

"Remains  -  -         -  *      ^ '9^99977 

the  logarithmic  fine  of  the  hour-diftance  iougnt, 
viz.  of  54*"  22^;  which,  reduced  to  time,  is 
3  hours  37f  min.  that  is,  IX  h.  37^  rain,  in 
the  forenoon,  or  II  h/  22i  ihb.  in  die  after- 
noon. 

Put  the  altitude  =  i8%  whofc  natural  fine 
is  .3090170  J  and  thence  yf — £2)  will  be 
=:.049i953i  which  divided  hy  I  +  d,  gives 
.0717179,  the  fine  of4'6^i-,  in  time  i6f  mi- 
nutes nearly,  before  VI  in  the  mornirig  or 
after  VI  in  the  evening,  when  the  fun's  altitude 
is  i8*. 

And,  if  the  declination  icf  had  been  toward 
the  fouth  pole,  the  fiin  would  have  been  de- 
prefled  i8**  below  the  horizon  at  16  |.  minutes 
after  VI  in  the  evening  j  •  at  which  time,  the 
twilight  would  endj  which  happens  about  the 
aad  of  November,  and  19th  of  January,  in  the 
latitude  of  51%  north.  The  fame  way  mav  the 
end  of  twilight,  or  beginning  of  dawn,  be  found 
for  any  time  of  the  year. 

NOTE  I.  If  in  theorem  2  and  3  (page  363) 
j1  is  put  =  o,  and  the  value  of  H  is  computed, 
we  have  the  hour  of  fun-rifing  and  letting  for 
any  latitude,  and  time  of  the  year.  And  if  we 
put  //=o,  and  compute  J,  we  have  the  fun's 
altitude  or  dcpreflion  at  the  hour  of  VI.  And 
laftly,  if  //,  -^,  and  D  are  given,  the  latitude 
may  be  found  by  the  refolution  of  a  quadratic 
equation 5  foriz:^  i— i%  .  . 

NOTE 
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T  E  2,  When  A  is  equal  Oj  //  is  equal 

TL  K  TDi   the  tangent  of  the  ktitudc 

d  by  the  tangent  of  the  declinarion, 
it  was  required,  wbai  is  ibe  great eji  ImgtU 
Jatitude  5  i'  jo''  ? 
log.  tangent  of  51*  30'    0.0993948 


e  of  the  hou    diftance  33"   7''|    in 

]       m*  longeft  day  tiicrcfore 

,    ^.  h.  25        -     16  ht  25  m.     And 

lOrteft  day  is  11  ii.  —  4  h.  25  m*  r:  7  h» 

35  m, 

And  if  the  longefl  day  is  given,  the  latitude 

H 
of  the  place  is  found  5  «r  being  equal  toTL. 

Thus,  if  the  longeft  day  is  ijf  hours r:  2  x  6  h. 

+  45  m.  and  45  minutes  in  time  being  equal  to 

Hi  degrees* 
From  the  log.  fine  of  ii*  15'     1-2902357 
Take  the  log,  tang,  of  23"*  29^     1-6379562 


Remains        -  -         -        1.6522795 

=:  the  logarithmic  tangent  of  lat.  24^  Ix^ 

And  the  fame  way,  the  latitudes,  where  the 
feveral  geographical  climates  and  parallels  begin, 
may  be  found ;  and  the  latitudes  of  places,  that 
are  afligned  in  authors  from  the  length  of  their 
days,  may  be  examined  and  correfted. 

NOTE  3.  The  fame  rule  for  finding  the 
Ibngefl:  day  in  a  given  latitude,  diftinguifhes  the 
hour-lines  that  are  neceffary  to  be  drawn  on  any 
dial  from  thofe  which  would  be  fuperfluous. 

In  lat.  52*  10^  the  longeft  day  is  16  h.  32  m, 
and  the  hour-lines  arc'  to  be  marked  from  44  m. 

9  after 
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after  III  in  the  morning,  to  16  m.  after  VIII 
in  the  evening. 

In  the  fame  latitude,  let  the  dial  of  Art.  7. 
Fig.  4.  be  propofed  i  and  the  elevation  of  its 
ftile  (or  the  latitude  of  the  place  dy  whofe  hori- 
zon is  parallel  to  the  plane  of  the  dial)  being 
15*  /;  the  longeft  day  at  d^  that  is,  the  fongcft 
time  that  the  fun  can  illuminate  the  plane  of  the 
dial,  will  (by  the  vAt  H  -  T  L  x  fl))  be 
twice  6  hours  27  minutes  =  la  h.  54  m.  The 
difference  of  longitude  of  the  planes  d  and  Z 
was  found  in  the  lame  example  to  be  36*  2'; 
in  time,  cl  hours  24  minutes ;  and  the  declina- 
tion of  the  plane  was  from  the  fouth  toward  the 
weft.  Adding  therefore  2  h.  24  min.  to  5  h. 
22  m.  the  earlieft  fun-riling  on  a  horizontal  dial 
at  dy  the  fum  7  h.  57  m.  fliews  that  the  morn- 
ing hours,  or  the  parallel  dial  at  Z,  ought  to 
begin,  at  3  min.  before  VIII.  And  to  the  lateft 
fun-fetting  at  dy  which  is  6  h.  27  m.  adding  the 
fame  2  h.  24  m.  the  fum  8  h*  51  m.  exceeding 
6  h.  16  m.  the  lateft  fun-fetting  at  Z,  by  35  m. 
ihews  that  none  of  the  afternoon  hour-lines  arc 
fuperfluous.  And  the  4  h.  13  m.  from  III  h. 
44  m.  the  fun-rifing  at  Z  to  VII  h.  57  m.  the 
fun-rifing  at  dy  belong  to  the  other  face  of  the 
dial ;  that  is,  to  a  dial  declining  36"*  from  north: 
to  eaft,  and  inclining  I5^ 


EXAMPLE     III. 

From  the  fame  data  to  find  the  fun's  azimuth. 

If  Hy  Ly  and  D  are  given,  then  (by  Art.  2. 
of  Rule  XL)  from  //,  having  found  the  altitude 
and  it§  complement  Zdi  and  the  arc  P'D  (the 

diftancc 
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c  from  the  pole)  being  given  ;  fay,  As  the 

-imc  of  the  altitude  is  to  the  fine  of  die  i^ 

ce  from  the  pole,  fo  is  the  fine  of  the  hotif' 

E  from  the  mcridmn  to  the  fine  of  the 

^-     h  diftance  from  the  meridian. 

the  latitude  be  5 1*  jc/  northj  the  decli^ 
\  15*  ^  fouth,  and  the  time  II  h,  24  m. 
'"'r    *  ^  fun  begins  to  iUumi- 


,«V     14t  bV^  1 11- 


--:  a  verncai 

IS  required  to  fint 

Ithe 

on  of  che  wail. 

m,                  fnr 

[  theorems,  the  com- 

nent  «•  cne 

c 

viU  be  81*  ja'f, 

and 

/  the  diftance  from 

^olc  being  109*  5^ 

and 

le  horary  diftance  t 

, 

the  mcridianj  or 

the 

angle  dPZ,  36", 

To  log.  fine    74° 

51' 

1,98464 

-   Add  log.  fine  36* 

0' 

1.7692a 

And  from  the  fum        -        1-75386  • 
Take  the  log.  fine  8i*  32^^    i •99525 
Remains  -  -  1.75861  z:  log. 

fine  35%  the  azimuth  diftance  fourii. 

When  the  altitude  is  given,  find  from  thence 
the  hbur,  and  proceed  as  above. 

This  praxis  is  of  fingular  ufe  on  many  oc- 
cafions :  in  finding  the  declination  of  verdcal 
planes  nKwe  exactly  than  in  the  common  way, 
cfpecially  if  the  tranfit  of  the  fun's  center  is  ob- 
ferved  by  applying  a  ruler  with  fights,  either 
plane  or  telefcopical,  to  the  wall  or  plane,  whofc 
declination  is  required. — In  drawing  a  meridian- 
line,  and  finding  the  magnetic  variation.— In 
finding  the  bearings  of  places  in  terreftrid  fur-* 
yeys ;  the  tranfits  of  the  fun  over  any  place,  or 
his  horizontal  diftance  from  it  being  obfcrved, 
together  with  the  altitude  aiid  hour, — i— And 
5  thence 
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thence  determining  fmall  differences  of  longi- 
tude.—In  obferving  the  variation  at  fea,  &c^ 

The  learned  Mr.  Andrew  Reid  invented  an 
inftrument  feveral  years  ago,  for  finding  the  la- 
titude at  fea  from  twp  altitudes  of  the  fun^  ob- 
ferved  on  the  fame  day,  and  the  interval  of  the 
obfervations^  meafurcd  by  a  common  watch. 
And  this  inllrument,  whofe  only  fault  was  that 
of  its  being  fomewhat  expenfive,  was  made  by 
Mr.  Jackfon.  Tables  have  been  lately  computed 
for  that  purpofe. 

But  we  may  ofcen^  from  the  foregoing  rules, 
refolve  the  fame  problem  without  much  trouble^ 
efpecially  if  we  fuppofe  the  matter  of  the  (hip  to 
lj:now  within  2  or  3  degrees  what  his  latitude  is. 
Thus, 

AlTume  the  two  neareft  probable  limits  of  the 

latitude,  and  by  the  theorem  H:z  -X.    9    cxwn- 

pute  the  hours  of  obfervation  for  both  fuppo- 
litions.  If  one  interval  of  thole  computed  hours 
coincides  with  the  interval  obfervea,  the  oueC- 
tion  is  fblved.  If  not,  the  two  diftances  ot  the 
intervals  computed,  from  the  true  interval,  will 
give  a  proportional  part  to  be  added  to,  or  fub- 
trafted  from,  one  of  the  latitudes  alfumed.  And 
if  more  exaftnels  is  required,  the  operation  inay 
be  repeated  with  the  latitude  already  found. 

But  whichever  way  the  queftion  b  folved,  a 
proper  allowance  is  to  be  made  for  the  difference 
of  latitude  arifing  from  the  fhip's  courfe  in  the 
time  between  the  two  obfervatiohs. 


0/ 
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To  the  jimiimr  pixje£tioiH  ^t^^ 
added  a  ftenograj^c  projefiidn  of  die  hour^ 
circles,  and  die  [^^lek  of  die  fun's  declinatiooj 
on  die  fame  horizontal  phnei  th^  upright  fide 
of  the  gnomon  being  floped  into  an  ed^,  fiaiid<i 
ing  perpendicularly  over  die  center  ofche  pio- 
jeftion :  fo  that  the  dial^  bein^  m  its  due  poGdon, 
the  fhadow  of  thai  perpendicular  edge  is  a  vierd- 
cal  circle  paflin^  throi^  die  fun^  in  the  AetecH 
graphic  projeAion. 

The  months  being  duly  marked  on  the  dial, 
the  fun's  declination,  and  the  length  of  the  day 
at  any  time,  are  had  by  inrpeftion ;  as  alio  his 
altitude,  by  means  of  a  fcale  of  tangents.  But 
its  chief  property  is,  that  it  may  be  placed  true, 
whenever  the  fun  ftiincs,  without  the  help  of 
any  other  inftrument. 
^h*  3-  Let  d  be  the  fun's  place  in  the  ftereographic 
pFOJeftion,  xdyz  the  parallel  of  the  fun's  decli- 
nation, Zd  z  vertical  circle  through  the  fun's 
center,  P  d  the  hour-circle ;  and  it  is  evident, 
-that  the  diameter  NS  of  this  projeftion  being 
placed  duly  north  and  fouth,  thefe  three  circles 
will  pafs  through  the  point  d.  And  therefore, 
to  give  the  dial  its  due  pofition,  we  have  only 
to  turn  its  gnomon  toward  the  fun,  on  a  hori- 
zontal plane,  until  the  hour  on  the  common 
gnomonic  projeftion  coincides  with  that  marked 
by  the  hour^-circle  P  d,  which  pafles  through  the 
interfeftion  of  the  fhadow  Z  d  with  the  circle  of 
the  fun's  prefent  declination. 

The  Babylonian  and  Italian  dials  reckon  the 
hours,  not  from  the  meridian,  as  with  us,  but 

from 


Of  'Dialing.  '       371 

from  the  fun*s  rifing  and  fetting.  Thus,  in  Ifafyy  Plate 
one  hour  before  fun-fet  is  reckoned  the  23d  hour  j  XXIIL 
two  hours  before  fun-fet  the  2 2d  hour;  and  fo 
of  the  reft.  And  the  Ihadow  that  marks  them 
on  the  hour-lines,  is  that  of  the  point  of  a  ftile. 
This  occafions  a  perpetual  variation  between  their 
diak  and  clocks,  which  they  muft  correft  from* 
time  to  time,  before  it  arifes  to  any  fenfible  quan- 
tity, by  fetting  their  clocks  fo,  much  fafter  or 
flower.  And  in  Italy  they  begin  their  day,  and 
regulate  their  clocks^  not  from  fun-fet,  but  from 
about  mid-twilight,  when  the  Ave  Maria  is  faid ; 
which  correfts  the  difference  that  would  other- 
wife  be  between  the  clock  and  the  dial. 

The  improvements  which  have  been  made  in 
all  forts  of  inftruments  and  machines  for  meafgr- 
ing  time,  have  rendered  fuch  dials  of  little  ac- 
count. Yet,  as  the  theory  of  them  is  ingenious, 
and  they  are  really,  in  fome  refpefts,  the  belt 
contrived  of  any  for  vulgar  ufe,  a  general  idea 
of  their  defcription  may  not  be  unacceptable. 

Let  Fig.  5.  reprefent  an  ere<5l  direft  fouth  wall, 
on  which  a  Babylonian  dial  is  to  be  drawn,  (hewing 
the  hours  from  fun-rifing ;  the  latitude  of  the 
place,  whofe  horizon  is  parallel  to  the  wall,  being 
equal  to  the  angle  X'C/?.  Make,  as  for  a  common 
dial  KG-riKR  (which  is  perpendicular  to  CR)  the 
radius  of  the  equino6lial  jE  ^,  and  draw  R  S 
perpendicular  to  CK  for  the  ftile  of  the  dial ;  the 
fhadow  of  whofe  point  R  is  to  mark  the  hours, 
when  SRh  let  upright  on  the  plane  of  the  dial. 

Then  it  is  evident,  that  in  the  contingent  line 
jE  ^y  the  fpaces  A"  i,  A"  2,  /T  3,  &c.  being 
taken  equal  to  the  tangents  of  the  hour-diftances 
from  the  meridian,  to  the  radius  K  G,  one,  two, 
three,  &c.  hours  after  fun-rifing,  on  the  equi- 
noftial  day;  the  ftiadow  of  the  point  R  will  be 
B  b  founj. 
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found,  at  thcfc  dmcs^  rcfpcQively  to  the  pokts 
I,  a,  3,  &c. 

Draw,  for  the  Ukc  hotirs  after  fun-rifing,  when 
the  fun  is  in  the  tropic  of  Caprkom  H  v^  the 
like  common  lines  C  D^  CE^  CFj  &c.  and  at 
thefe  hours  the  fliadow  of  the  point  R  will  be 
found  in  thofc  lines  refpeftivdy.  Find  the  futi'i 
altitudes  above  the  plane  of  the  dial  at  thefc 
hours,  and  with  their  <  ^tangents  S  d^  S  tj  Sf, 
&:c.  to  radius  S  R^  d(  ibe  arcs  Interfering  the 
hour-lines  in  the  poini^  J,^,/,  &c,  fo  Oiall  the 
right  lines  i  d^  2  r^  3/,  &c,  be  the  lines  of  I,  II, 
III,  &c.  hours  after  fun  rifmg. 

The  conftruftion  is  the  fame  in  every  other 
cafe,  due  regard  being  had  to  the  difference  of 
longitude  of  the  place  at  which  the  dial  would 
be  horizontal,  and  the  j^ce  for  which  it  is  to 
ferve.  And  likewife>  taking  care  to  draw  no  lines 
but  what  are  neceflary  \  which  may  be  done  partly 
by  the  rules  already  given  for  determining. die 
time  that  the  fun  (hines  on  any  plane  %  and  pvdy 
from  this,  that  on  the  tropical  days^  the  hyper- 
bola defcribed  by  the  (badow  of  die  point  jR* 
limits  the  extent  of  all  the  hour-lines. 

The  mod  ufeful  however,  as  well  as  Ac 
fimpleft  of  fuch  dials,  is  that  which  is  deicribed 
on  the  two  fides  of  a  meridian  plane. 

That  the  Babylonian  and  Italic  hours  are  truly 
enough  marked  by  right  lines,  is  eafily  (hewn. 
Mark  the  three  points  on  a  globe,  where  the  ho- 
rizon cuts  the  equinoftial,  and  the  two  tropics, 
toward  the  eaft  or  weft ;  and  turn  the  globe  on 
its  axis  1 5*,  or  i  hour  \  and  it  is  plain,  that  the 
three  points  which  were  in  a  great  circle  fviz, 
the  horizon)  will  be  in  a  great  circle  ftillj  which 
will  be  projefted  geometrically  into  a  ftraighc 
line.    But  thefe  three  points  are  univerfally  tl)c 

fun's 


Of  Dialwg.  373 

fun^s  places,  one  hour  after  fun-fet  (or  one  hour 
before  fun-rife)  on  the  equinoctial  and  fblftitial 
days.  The  like  is  true  of  all  other  circles  of 
declination,  befide  the  tropics  j  and  therefore^ 
the  hours  on  fuch  dials  are  truly  marked  by 
ftraight  lines  limited  by  the  projections  of  the 
tropics ;  and  which  are  righdy  drawn,  as  in  the 
foregoing  example. 

Note  I.  The  fame  dials  may  be  delineated 
without  the  hour-lines  CD,  CE,  CF,  &c.  by 
fetting  off  the  fun's  azimuths  on  the  plane  of  the 
dial,  from  the  center  S,  on  either  fide  of  the  fub- 
ftile  CSKj  and  the  correfponding  co-tangents  of 
altitude  from  the  fame  center *«?,' for  I,  II,  III, 
&c.  hours  before  or  after  the  fun  is  in  die  hori- 
zon of  the  place  for  which  the  dial  is  to  (crvc,  on 
the  equinodial  and  folftitial  days. 

2.  One  of  thefe  dials  has  its  name  from  the 
hours  being  reckoned  from  fun-rifing)  the  be- 
ginning of  the  Babylonian  day.  But  we  are  not 
thence  to  imagine  chat  the  equal  hours,  which  it 
fhews,  were  thofe  in  which  the  aftronomers  of 
th^t  country  marked  their  obfervations.  Thefe, 
we  know  with  certainty,  were  unequal,  like  the 
Jrwijby  as  being  twelfth  parts  of  the  natural  day: 
and  a  hour  of  the  night  was,  in  like  manner,  a 
twelfth  part  of  the  night  j  longer  or  Ihorter,  ac* 
cording  to  the  feafon  of  the  year.  So  that  a 
hour  of  the  day,  and  a  hour  of  the  night,  at  the 
fame  place,  would  always  make  Vr  of  24,  or  a 
equinoctial  hours.  In  Faleftine,  among  the 
Romans  J  and  in  feveral  other  countries,  3  of  thefe 
unequal  noCturnal  hours  were  a  vigiUa  or  watch. 
And  the  reduction  of  equal  and  unequal  hours 
into  one  another,  is  extremely  eafy"  If,  for  in- 
Itance,  it  is  found,  by  a  foregoing  rule,  that  in  a 
certain  latitude,  at  a  given  time  of  the  year,  the 
B  b  2  length 


3Z4  Of  Biding. 

length  of  a  day  is  14  equinoftial  hoiirSj  the  un-* 
equal  hour  is  then  4^^^^^^  ^  hour,  that  is, 
70  minutes  i  and  the  no£lurnal  hour  is  50  mi- 
nutes. The  firft  watch  begins  at  VII  (fun-fet); 
the  fecond  at  three  times  50  minutes  ajfter,  viz. 
IX  h,  30  m.  tJie  third  always  at  midnight  i  die 
morning  watch  at  |  hour  paft  IL 

If  it  ^^ere  required  to  draw  a  dial  for  (hewing 
thefe  unequal  hourSj  or  12th  parts  of  the  day, 
we  muft  take  as  many  declinations  of  the  llin  as 
are  tliought  necefTary,  from  the  equator  toward 
each  tropic:  and  having  computed  the  fun's 
altitude  and  azimuth  for  -r^,  ^Vi  -rr^h  parts,  &c. 
of  each  of  the  diurnal  arcs  belonging  to  the  dc- 
til  nations  nfiunned  t  by  theft.^^  the  (everal  points 
in  the  circles  of  declination,  where  the  fhadow 
of  the  ftile's  point  falls,  are  determined  :  and 
curve  lines  drawn  through  the  points  of  a 
homologous  divifion  will  be  the  hour-lines  re- 
quired. 

Of  the  right  placing  of  dialsy  and  having  a  true 
meridian  line  for  the  regulating  of  ckcks  and 
watches. 

The  plane  on  which  the  dial  is  to  reft,  being 
duly  prepared,  and  every  thing  neceflary  for 
fixing  it,  you  may  find  the  hour  tolerably  exaft 
by  a  large  equinoftial  ring-dial,  and  let  your 
watch  to  it.  And  tlien  the  dial  may  be  fixed  by 
the  watch  at  your  leifure.  * 

If  you  woqld  be  more  exaft,  take  the  fun's 
altitude  by  a  good  quadrant,  noting  the  precifc 
time  of  obfervation  by  a  clock  or  watch.  Then, 
compute  the  time  for  the  altitude  obferved  (by 
the  rule,  page  364)  and  fet  the  watch  to  agree 
with  that  time,  according  to  the  fun.  A  HaMefi 
I  quadrant 
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quadrant  is  very  convenient  for  this  purpofe; 
for,  by  it  you  may  take  the  angle  between*  the 
fun  and  his  image,  refiefted  from  a  bafon  of 
water :  the  half  of  which  angle,  fubtrafting  the 
refraftion,  is  the  altitude  required.  This  is 
bell  done  in  fummer,  and  the  nearer  the  fun  is 
to  the  prime  vertical  (the  eaft  or  weft  azimuth) 
when  the  obfervation  is  made,  fo  much  the 
better. 

Or,  in  fummer,  take  two  equal  altitudes  of 
the  fun  in  the  fame  day ;  one  afiy  time  between 
7  and  lo  in  the  morning,  the  other  between  2 
and  5  in  the  afternoon  j  noting  the  moments  of 
thefe  two  obfervations  by  a  clock  or  watch  :  and 
if  the  watch  (hews  the  obfervations  to  be  at 
equal  diftances  from  noon,  it  agrees  exaftly 
with  the  fun;  if  not,  the  watch  muft  be  cor- 
refted  by  half  the  difference  of  the  forenoon  and 
afternoon  intervals;  and  then  the  dial  may  be 
fet  true  by  the  watch. 

Thus,  for  example,  fuppofe  you  have  taken 
the  fun's  altitude  when  it  was  20  minutes  paft 
VIII  in  the  morning  by  the  watch;  and  found, 
by  obferving  in  the  afternoon,  that  the  fun  had 
the  fame  altitude  10  minutes  before  IV;  then 
it  is  plain,  that  the  watch  was  5  minutes  too  faft 
for  the  fun  :  for  5  minutes  after  XII  is  the  mid- 
dle time  between  VIII  h.  20  m.  in  the  morn- 
ing,, and  III  h.  50  m.  in  the  afternoon  ;  and 
therefore,  to  make  the  watch  agree  with  the  fun, 
it  muft  be  fet  back  five  minutes. 

A  good  meridian  line,  for  regulating  clocks  a  men- 
or  watches,  may  be  had  by  the  following  me-  ^'a»  ^'"f- 
thod. 

Make  a  round  hole,  almoft  a  quarter  of  an 

inch  diameter,  in  a  thin  plate  of  metal ;  and  fix 

the  plate  in  the  top  of  a  fouth  window,  in  fuch  a 

B  b  3  manner. 
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manner,  that  it  may  recline  from  the  zenith  at 
an  angle  equal  to  the  co-ktltode  of  your  place, 
as  nearly  m  you  can  giiefs ;  for  then,  the  plate 
will  face  the  fon  direfltly  at  noon  on  the  cqui- 
noftial  days.  Let  the  fun  {hine  freely  through 
the  hole  into  the  room  \  and  hang  a  plumb-liac 
to  the  ceiling  of  the  room  j  at  leaft  five  or  fix 
feet  from  the  windowj  in  fuch  a  place  as  that  the 
fun*s  rays,  tranfmitted  through  the  hole,  mif 
fall  upon  the  line  when  is  noon  by  the  clock ; 
and  having  marked  tht .  tid  place  on  the  ceiling, 
take  away  the  line. 

Having  adjufted  a  fliding  bar  to  a  dove-ail 
groovcj  in  a  piece  of  wood  about  1 8  inches  longi 
and  fixed  a  hook  into  the  middle  of  the  bar,  nail 
the  wood  to  the  iibove-men cloned  place  on  the 
ceiling,  parallel  to  the  fide  of  the  room  in  which 
the  window  is:  the  groove  and  bar  being  to- 
ward the  Boor.  Then,  hang  the  plumb-line 
upon  the  hook  in  the  bar,  the  weight  or  plum- 
met reaching  almoft  to  the  floor ;  and  the  whole 
will  be  prepared  for  farther  and  proper  a^juft- 
ment. 

This  done,  find  the  true  folar  time  by  cither 
of  the  two  laft  methods,  and  thereby  regulate 
your  clock.  Then,  at  the  moment  of  next  noon, 
by  the  clock,  when  the  fun  (bines,  move  the 
fliding  bar  in  the  groove  until  the  fliadow  of  the 
plumb-line  bifefts  the  image  of  the  fun  (made 
by  his  rays  tranfmitted  through  the  hole)  on  the 
floor,  wall,  or  on  a  white  fcreen  placed  on  the 
north  fide  of  the  line ;  the  plummet  or  weight 
at  the  end  of  the  line  hanging  freely  in  a  pail  of 
water  placed  below  it  on  the  floor. — But  bccaufc 
this  may  not  be  quite  correft  for  the  firft  time, 
on  account  that  the  plummet  will  not  fettle  im- 
mediately, even  in  water;  it  may  be  farther  cor- 
2  reded 
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reded  on  the  following  days»  by  the  above  me^ 
thodj  with  the  fun  and  clock ;  and  fo  brought  to 
a  very  great  exadnels. 

N.  B.  The  rays  tranfmitted  through  the  hole, 
will  caft  but  a  faint  image  of  the  fun,  even  on  a 
white  fcreen>  unlefs  the  room  be  io  darkened 
that  no  fun  fhine  may  be  allowed  to  enter,  but 
what  comes  through  the  fmall  hole  in  the  plate* 
And  always,  for  ibme  time  before  the  obierva- 
tion  is  made,  the  plummet  ought  to  be  immerfed 
in  a  jar  of  water,  where  it  may  hang  freely  j  by 
which  means  the  line  will  foon  become  ftcady, 
which  otherwiie  would  be  apt  to  continue 
Twinging. 

As  this  meridian  line  yf^  not  only  be  fufii- 
dent  foe  regidating  of  clocks  and  watches  to  the 
true  time  by  equation  tables,  but  aifb  for  moft 
tAronomical  purpoies,  I  (hall  fay  nothing  of  the 
magnificent  and  expenfive  meridian  lines  at 
'Bologne  and  Romet  nor  of  the  better  methods  by 
which  aftronomers  obferve  precifely  the  tranfita 
of  the  heavenly  bodies  on  the  meridian, 

L  E  C  T,    XIL 

Shewing  hew  to  calculate  the  mean  time  of  My  Nem 
or  FuU  Moony  or  Eclipjej  from  the  creation  of  the 
^orld  to  the  year  of  CHRIST  5800. 

IN  the  following  tables,  the  mean  lunation  is 
about  a  20th  part  of  a  fecond  of  time  longer 
than  its  meafure  as  now  printed  in  the  laft 
edition  of  my  aftronomy  j  which  makes  the  dif- 
ference of  a  hour  and  30  minutes  in  8000  years. 
— ^But  this  is  not  material,  when  only  the  mean 
times  are  required. 

Bb4  PRE- 


^1  3l&tf  Cdcukim  of  mean  Ni^w  md  FuU  A|p«Wi 


PRECEPTS, 

^Qfmd  the  mean  timt  of  atiy  New  cr  Full  Ahcn  in 
my  given  year  and  monlh  afier  the  Chrifim 

.  !•  If  the  given  year  be  found  in  the  third 
column  of  the  Table  of  ibe  moons  mmn  motion /nm 
ihefuffy  under  the  tide,  Ttars  befors  and  after 
C  H  R I S  T  i  write  out  thit  year,  with  the  mean 
motions  belonging  to  it,  and  thereto  join  the 
given  month  with  its  nie;in  motions.  But,  if 
the  given  year  be  not  in  the  table,  take  out  the 
next  lefler  one  to  it  that  you  finc^  in  the  fame 
column  ;  and  thereto  add  as  many  complete years^ 
as  will  make  up  the  given  year :  then,  join  the 
given  month,  and  all  the  refpedive  mean  mo* 
tions. 

Q..  Colled  thefe  mean  motions  into  one  fumof 
figns,  degrees,  minutes,  and  feconds;  remem- 
bering, that  60  feconds  {^^)  make  a  minute,  60 
minutes  (^)  a  degree ;  30  degrees  (")  a  fign,  and 
1 2  figns  (s)  a  circle.  When  the  figns  exceed 
1 2,  or  24,  or  2(>  (which  are  whole  circles)  rejeft 
them,  and  fet  down  only  the  remainder ;  which, 
together  with  the  odd  degrees,  minutes  and 
feconds  already  fet  down,  mnft  be  reckoned  the 
.whole  fum  of  the  colledion. 

3.  Subtraft  the  refult,  or  fum  of  this  collec- 
tion, from  12  figns i  and  writedown  the  remain- 
der. Then, .  look  in  the  table,  under  D<?yj,  for 
the  next  lefs  mean  motions  to  this  remainder, 

and 
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and  fubtraft  them  from  it,  writing  down  their 
remainder. 

This  done,  look  in  the  table  under  (>ours 
(marked  H.)  for  the  next  lefs  mean  motions  to 
this  laft  remainder,  and  fubtraft  them  from  it 
writing  down  their  remainder. 

Then,  look  in  the  table  under  minutes  (mark- 
ed M.)  for  the  next  lefs  mean  motions  to  this 
remainder,  and  fubtraft  them  from  it,  writing 
down  their  remainder. 

Laftly,  look  in  the  table  under  feconds  (mark-, 
cd  S.)  for  the  next  lefs  mean  motions  to  this 
remainder,  either  greater  or  lefs :  and  againft  it 
you  have  the  feconds  anfwering  thereto, 

4.  And  thefe  times  coUefted,  will  give  the 
mean  time  of  the  required  7iew  moon ;  which  will 
be  right  in  common  years;  and  alfo  in  January 
and  February  in  leap  years ;  but  always  one  day 
(00  late  in  leap  years  after  February. 


EXAMPLE' 


jtO  31^  Caiculaim  ef  mesn  New  and  Full  J^sm, 

EXAMPLE     L 

tUqairedihe  iime  of  nezv  mam  in  S^temhr^  1764  ? 
X  (a  year  not  inferced  k  the  cable) 

Moon  from  fun. 

To  the  year  after  Chri^s  •      a    '    * 

birth  -  1753  la     9  24  56 

.    Add  compkat  years        11  o  10  14  20 

(fum  1764) 
And  join  September 

The  fum  of  thefc  mean  motions  b 
Which,  being  fub.  from  a  circle, 
«r         -         -         -         - 

Leaves  remaining 
Next  lefs  mean  mot.  for  26  days, 
fub.        -        -         . 

And  there  remains 

Next  le(s  mean  mot»  for  2  hours, 

fvU 

And  the  remainder  will  be 
Next  lefs  mean  mot.  for  2  min. 
fub. 

Remains  the  mean  mot.  of  1 2  fee. 

Tbefe  times,  being  collefted,  would  fhew  the 
mean  time  of  the  required  new  moon  in  Sep- 
tember 1764,  to  be  on  the  26th  day,  at  2  hours 
2  min.  12  kc.  paft  noon.  But,  as  it  is  in  a  leap- 
year,  and  after  February,  the  time  is  one  day  too 
late.  So,  the  true  mean  time  is  September  the 
^5th,  at  2  m.  12  fee.  paft  II  in  the  afternoon. 

N.B. 
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N.  B.  The  cables  always  begin  the  day  at 
fioon^  and  reckon  theaceforward>  to  the  noon  of 
the  day  following. 

Tojhui  the  mean  time  of  full  moon  in  any  given  year 
and  month  after  the  Cbriftian  Mr  a. 

Having  colleded  the  moon's  mean  motion 
from  the  fun  for  the  beginning  of  the  given 
year  and  month,  and  fubtraAed  their  fum  from 
12  ligns  (as  in  the  former  example)  add  6  figns 
to  the  remainder,  and  then  proceed  in  all  re- 
ipe£ts  as  above. 

EXAMPLE    IL 

Reqwred  the  mean  time  of  full  moon  in  September 
1764? 

Moon  fi-om  iun« 

To  the  year  after  Cbrift's  a      o    ^    -^ 

birth  -  1753  10     9  24  56 

Add  complete  years       11  o  10  14  ao 

(fum  1764) 
And  join  September  -  2  22  21     t 


■« 


The  fum  of  thefe  mean  motions 

is  -  -  I  12    o  24 

Which,  being  fubtrafted  from  a 

circle,  or        -  -  12000 


Leaves  remaining  -  101759  36 

To  which  remainder  add  6000 


And  the  fum  wiU  be  -  4  17  59  2^6 

Brought 


nii  ^^  C^IcMladm  of  mean  New  mdPuU  Moms. 

Moon  from  fun. 
s      o     *■     •** 

Brought  over  -  4  17   59  36 

Next  lefs  mean  mot.   for   11 

days,  fubc.  *  4  14     5  54 


And  there  remains            -        -  3  53  4^ 
Nc^t  lefs  mean   m6t.   for  f 

.  hours,  fubt.                -*  3  33  2<> 

'       ■■  I          I"        I  »  H  ■    111     ■     in 

And  the  remainder  will  be          -  ao  ai 
Next  lefs  mean  mot.  for  40 

minutes,  fubt.            -        -^  20  ij 

Remains  the  mean  mot.  for  % 

feconds            -                  -  ? 


So,  the  mean  time,  according  to  the  tables, 
is  t;he  nth  of  September,  at  7  hours  40  minutes 
8  feconds  paft  noon.  One  day  too  late,  being 
^fccr  February  in  a  leap-year. 

And  thus  may  the  mean  time  of  any  new  or 
full  moon  be  found,  in  any  year  after  the  Chriftian 

To  firJ  the  mean  time  of  new  or  full  moon  in  any 
given  year  andfncntb  before  the  Cbrijlian  ^ra. 

If  the  given  year  before  the  year  of  CHRIST 
I  be  found  in  the  third  column  of  the  table,  under 
the  title  Tears  before  ar.d  after  CHRIST,  writejt 
out,  together  with  the  given  month,  and  join  the 
mean  morions.  But,  if  the  given  year  be  not  in 
the  table,  tike  out  the  next  greater  one  to  it  that 
you  find  ;  which  being  ftill  farther  back  than  the 
given  year,  add  as  many  compleat  years  to  it  as 
will  bring  the  time  forward  to  the  given  year;  then 
join  the  month,  and  proceed  in  all  refpefts  as  above. 

EXAM. 


^e  Calculation  of  mean  New  and  Full  Moons.  j8  j. 


EXAMPLE     III. 

Required  the  mean  time  of  new  moon  in  May,  the 
year  before  Chriji  585  ? 

The  next  greater  year  in  the  table  is  600 ; 
which  being  1 5  years  before  the  given  year, 
add  the  mean  motions  for  1 5  years  to  thofe  of 
600,  together  with  thofe  for  the  beginning  of 
May. 

Moon  from  fun. 

#  SO''' 

To  the  year  before  C&rj/?  600  -  5  11  6  16 
Add  compleat  years  motion  15  6  o  55  24 
And  the  mean  n[K)tions  for  May      o  22  53  2j . 

The  whole  fum  is  -  -  o  4  55  3 
Which,  being  fubt.  from  a  circle, 

or  -  -  12     o     o    o 


Leaves  remaining            .  -  1 1  25.    4  57 
Next  lefs  mean  mot.  for  29  days^ 

fubt.             -            -  II  23  31  54 

And  there  remains               -  ^  33    3 
Next  lefs  nriean  mot.  for  3  hours 

flibt.                -              -  I  31  26 

And  the-femainder  will  be  -              i  37 
Next  lels  mean  mot.  for  3  min. 

fubt.         -*            -             -  I  31 


Rem.  the  mean  mot.  of  14  fe- 
conds 


So, 


So,  the  mean  time  by  the  tab!cS|  was  tk 
agdi  of  May,  at  3  hours  3  min.  14  fee*  paft 
noon.  A  day  later  than  the  truth,  on  acGounE 
of  its  being  in  a  kap-year.  For  as  the  year  of 
CHRIST  1  T?vas  the  firft  after  a  leap-year, 
the  year  585  before  the  year  i  was  a  leap-year  of 
courfe. 

If  the  given  year  be  after  the  Chiiflian  Mn^ 
divide  its  date  by  4,  and  if  nothing  remains,  it 
is  a  leap-year  in  the  o''^  ^yle*  But  if  the  given 
year  was  before  the  L,  iftian  iEra  (or  Year  of 
CHRIST  i)  fubtra'  one  from  its  date,  aud 
divide  the  remainder  b\  4 ;  then,  if  nothing  re- 
mains, it  was  a  leap         i  otherwifc  not. 


Tdfind  whether  the/m  is  fdi^ed  at  the  time  t^fdwf 
givm  change^  m-  the  moon  at  any  givmfull. 

Of  From  the  Table  ef  the  Jut^s  mem  tmtion  ((w 

uiif/eu  didance)  frtm  the  mmn^s  ajcending  mie^  coUcft 
the  mean  motions  anfwering  to  the  given  time  3 
and  if  the  reftjlt  Ihcws  the  fun  to  be  within  18 
degrees  of  either  of  the  nodes  at  the  time  of  new 
moon,  the  fun  will  be  eclipfed  at  that  time.  Or, 
if  the  refult  fhews  the  fun  to  be  within  1 2  degrees 
of  either  of  the  nodes  at  the  time  of  full  moon, 
the  moon  will  be  eclipfed  at  that  time,  in  or  near 
the  contrary  node;  otherwife  not. 


EXAM- 


iie  Cahiktkn  tf  EcBj/is.  58^ 


EXAMPLE     IV. 

^7>e  moon  chained  en  the  26th  of  September  17649 
at  2  h.  2  m.  (ntgleHing  the  feeonds)  after  noon. 
(See  Example  I.)  ^u.  fvbetber  tbe/m  was 
eciipjed  at  that  time  ? 

Sun  from  node. 
To  the  year  after  Chri/i\  »    o     ^  ^ 

birth        -         -  1753         I  28    o  19 

Add  compleat  years     -       1 1         7     2     3  56 


And-i 


"September 
26  days 

(fum 

1764) 

8 

12 
27 

22 
0 

49 
13 

2  hours 

M 

5 

12 

2  minutes 

- 

- 

5 

Sun*s  diftance  from  the  afcending 

node        -  -  -        6     9  32  34 


Now,  as  the  descending  node  is  juft  oppofitc 
to  the  afcending  (viz.  6  (igns  diftaot  from  it)  and 
the  tables  (hew  only  how  far  the  fun  has  gone 
from  the  afcending  node,  which,  by  this  exam- 
ple, appears  to  be  6  (igns  9  degrees  32  minutes 
34  feconds,  it  is  plain  that  he  muft  have  then 
been  eclipfed ;  as  he  was  then  only  9*  32^  34'^'' 
Ihort  of  the  defcending  node. 


EXAM- 


48^  The  Cakuhlim  of  Selves* 


EXAMPLE      V. 

The  moan  was  full  m  the  i  ith  ofSeptemher^  1764, 
ai  7  b,  40  min,  psft  nmn.  (See  Example  11.) 
^.  Whether  fie  was  edited  at  that  time  ? 

Sun  from  node. 

To  the  year  after  C&rj/?'s  «     o     '   '' 

birth         -  -     1753  t   28     o  19 

Add  compleat  years         n  7^3  5^ 

(fum  1764) 

{September 
"hours       '-        '- 
40  minutes 

Sun*s  diftance  from  the  afcend- 
ing  node         -     ,   - 


Which  being  fubtrafted  from  6  figns,  leaves 
only  5*  47^"  32^''  remaining ;  and  this  being  all 
the  fpace  that  the  fun  was  ftiort  of  the  defcend- 
ing  node,  it  is  plain  that  the  moon  muft  then 
have  been  eclipfed,  becaufe  fhe  was  juft  as  near 
the  contrary  node. 


8 

12 

22  49 

II 

25  29 

18  II 

I  44 

5 

24 

12  28 
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EXAMPLE    VI. 

J^.  Whether  the  Jim  was  ecH$fedin  May,  the  year 
^$r^r(?  CHRIST  585?  (See  Example  in.) 

Sun  from  node. 

•       o      /      // 

To  the  year  before  Chrijl666    -     9    9  23  51 
Add  the  mean  motiort  of  15  . 

complete  years      —      •—      9  19  27  49 

{May  —  — 

29  days         -        - 
3  hours         -i- 
3  minutes  (negledting 
the  feconds)  •— 


4 

4 

37  57 

I 

m 

0 

7  10 
748 

8 

0 

3  44  4J 

Suft's  diftance  frdm  the  afcend- 
ing  node         — •  *-^ 

.  Which  being  lefs  than  18  degrees,  (hews  that 
tiie  fun  was  eclipfed  at  that  time. 

This  eclipfe  was  foretold  by  ThaleSy  and  is  TbaUs'^ 
thought  to  be  the  eclipfe  which  put  an  end  to  the  cclipfc. 
war  between  the  Medes  and  Lydians. 

The  times  of  the  JurCs  conjun£lion  with  the  when 
iiodesy  and  confequently  the  eclipfe  months  of  any  icHp/es 
given  year,  are  eafily  found  by  the  Tabie  of  the  *»*/  ^^P^ 
JufCs  mean  motion  from  the  moon^s  afcending  node  \  ^'"^ 
and  much  in  the  fame  way  as  the  mean  con- 
jbnflions  of  the  fun  and  moon  are  found  by  the 
table  of  the  moon's  ncan  motion  from  the  fun, 
Fv)r,  colled  the  fin's  mean  motion  from  the 
node  (which  is  tlie  fame  as  his  diftance  gone 
from  it)  for  the  beginning  of  any  given  year^ 
and  fubtradl  it  from   1 2  ugns  ^  then,  from  the 
C  c  remainder. 


J8f  Ti?  find  whm  thin  muji  h  Edi^es. 

remainder^  fubtraft  the  next  kfs  mean  motions 
belonging  to  whatever  mantb  you  find  thcnn  in 
ihc  table  %  and  from  their  remainder  ftibcra£t  the 
next  lels  mean  motion  for  d^s^  and  lb  on  for 
hours  and  mimiai  the  refult  of  all  which  wiB 
ihew  the  time  of  the  fun's  mean  conjtmdtitm  with 
(be  afcmding  node  of  the  moon's  orbii, 

Example  vil 

Required  the  time  of  ibe  fun's  enitjmtnim  with  tk 
sfrmding  node  in  ihe  year  1764  ? 

Sun  from  node. 

To  the    year   after  Chrijl'%  *     o     '    ^ 

birth      —        —     1753       I  28     o  19 

Add  complcat  years      —      11       7     a    j  56 

Meandift.  at  beg.  of  A.  D.  1764 
Subtraft  this  diftance   from  a 
circle,  or        —.1^ 

And  there  remains  — . 

Next    lefs    mean    motion    for 
March,  fubtra(fi  — . 

And  the  remainder  will  be 
Next  lefs  mean  n[K>tion  for  27 
days^  fubtraft       -^        -^ 

And  there  remains        — . 
Next  lefs  mean  nru>tipn  for  14 
hours,  fubtrafted  — 

Remains  (nearly)  the  mean  mo 
tion  of  5  minutes  mm 

HCDCC 
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9 

0  4  15 

12 

000 

a 

29  55  45 

a 

I  1639 

28  J9   6 

•i 

a8    a  ja 

1 

363+ 

36  11 

n 

Henoe  i^  appears,  that  the  fun  will  pafs  by 
the  moon's  ajcending  node  on  the  27  th  of  March, 
at  14  hours  5  minutes  paft  noon ;  vis.  Oh  the 
bSth  day,  at  5  minutes  paCt  II  in  the  morning, 
according  to  the  tables:  but  this  being  in  a 
feap'-year,  and  ;Ui:er  Febriiary,  the  time  b  one 
day  too  late.  Ccynfequently;  the  true  time  is  at 
5  mtn.  paft ll  in  the  morning  on  the  ^yth  day; 
at  which  time,  the  defcending  node  will  be  di- 
re6lb  oppofite  to  the  fuh. 

It  6  iigns  be.  added  to  the  remainder  arifing 
fix>m  the  firil  iubtra&ion  (viz.  from  li  figns) 
and  then  the  work  carried  on  as  in  the  lafl: 
example,  the  rcfult  will  give  the  niean  time  of 
the  ftin's  conjuiididn  with  the  defcending  node* 
Thus,  in 

E  X  A  ivi  I*  L  E  viit. 

Tofndwben  the  Jm  will  he  in  xovjunSim  with  tht 
defcendihg  nbde  i9t  ike  year  1764? 

Sun  from  node. 
To  the  year  after  Ofrift's  s    o     ^  •  -* 

birth  ^  .'"    17 S3      i  48    o  19 

Add  cbmpleat  years  it      7     2    3  56 

M.  d;  fr.  afc.  nl  at  beg;  of  1764    .90415 
SubtraA  this  diftahce  m>m  a  cir- 

tie,  or        -^  —  12    o    o    o 


And  tke  remainder  will  be     —  2  29  55  4^ 

To  wluch  add  half  a  circle,  or  6000 

And  the  fum  will  be         •—  ^  29  55  45 

C  c  2  Brought 


H 


^e  Period  and  Return  <jf  EiU^u, 

Sun  fr,  iKidc. 

Jrought  over  —  8  29  55  45 

Next  Icfs  mean  mot*  for  Sept*  fubtt   8   11  12  49 


I 


And  there  remains        ^         —  *7  3^  5^  j 

Next  lefs  mean  mot.  for  16  days,  | 


fubu  —  ^  16  37    4 


dthe  rem  aindcf  will   >e    —  55  5^ 

ct  lefs  mean  mot-  i  hours, 

fubtraftcd         —  —  54  3^ 


•      Rem.  (nearly)  t)ie  me;     mot  of 

31  minuccs         ^  —  i  20 


I 


So  that,  according  to  the  tables,  the  fun  wSl 

be  in  conjunftion  with  the  dejcending  node  on  the 

i6th  of  September,  at  21  hours  31  minutes  pafl 

noon :  one  day  latgr  than  the  truth,  on  account 

of  the  leap-year. 

Theli-         When  the  moon  changes  within  18  days  bc- 

mits  of    fQpg  Qp  2i{xjtx  the  fun's  conjunftion  with  either  of 

'^  '-^-^''     the  nodes,  the  fun  will  be  eclipfed  at  that  change: 

and  when  the  moon  is  full  within  1 2  days  betort 

or  after  the  time  of  the  fim's  conjunftion  with 

either  of  the  nodes,  fhe  will  be  eclipfed  at  thai 

full :  otherwife  not. 

Their  pc-      If  to  the  mean  time  of  any  eclipfe,  either  of  the 

nod  and   f^n  or  moon,  we  add  557  Julian  years  21  days 

tion!""      ^^  hours  'i  i  minutes  and   51  feconds  (in  which 

th'ere  are  exaftly  6890  mean  lunations)  we  fhall 

have  the  mean  time  of  another  eclipfe.     For  at 

the  end  of  that  time,  the  moon  will  be  either 

new  or  full,  according  as  we  add  it  to  the  time 

of  new  or  full  moon ;  and  the  fun  will  be  only 

45^^  farther  from  the  fame  node,  at  the  end  of 

the 


^e  Period  and  Return  ef  Eclij^es.  j^  i 

the  faid  timey  than  he  was  at  the  beginning  of 
it  J  as  appears  by  the  following  example  *. 

The  period.  Moon  fr.  fun.      Sun  fr.  node. 
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0 
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0 
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And  this  period  is  lb  very  near,  that  in  6000 
years  it  will  vary  no  more  from  the  truth,  as  to 
the  reftitution  of  eclipfes,  than  8  J  minutes  of  a 
degree ;  which  may  be  reckoned  next  to  nothing. 
It  is  the  ftiorteft  in  which,  after  many  trials,  I 
can  find  fo  near  a  conjunftion  pf  the  fun,  moon, 
and  the  fame  node. 

•Dr.  Halley's  period  ofeclipfes  contains  only  18  years 
]I  days  7  hours  43  minutes  20  feconds ;  in  which  time, 
according  to  his  tables^  there  are  jull  223  mean  lunations  : 
bat,  as  io  that  timc»  the  fun's  mean  motion  from  the  node 
is  no  more  than  1 1*  29^  3  T  49'',  which  wants  28'  1 1"  of 
.being  as  nearly  in  conjun6lio^  with  the  fame  node  at  the 
jend  of  the  period,  as  it  was  at  the  beginning;  this  period 
cannot  be  of  conftant  duration  for  finding  eclipfes^  becaufe 
at  will  in  time  fall  quite  without  their  limiis.  I'he  follow- 
ing tables  make  this  period  3 1  feconds  (horter^  as  appears 
by  the  follQwing  calculation. 


The  period. 
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fee. 
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^ean  motions 

-ro    0    0    0— rii  29  31  49 

C  c  3  This 
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table  is  made  by  the  coniiniial  additioil 
of  a  mean  lunadon,  viz.  2^  icl*  44*  f  6*'  m* 
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Maviag  by   the  iota^ 
precepts   compated    tbe 
mean  Eimeof  newmepQiJ] 
J^Duary,    fm   any  pvr^ 
year, it  is  t^iy^  b>  ibt*T** 
ble^  10  find  the  nie*n  time 
of  new  mooii  in  JaniiJiry  for 
any  n  uro^bcr  of  y  eara  af  tw* 
ward :  and  by  mesnt  of  i 
faial]  table  of  i  otiitioiis  for' 
I  2  or  1 3  monchf  r  to  tnakt 
agenerd  table  for  finding 
the  mean  time  of  new  m 
fu  11  moon  in  anygtvtn  j'cir 
and  month  whiiieveT. 


P.  H.  M.  S.  Th. 

In  It  funations  there  are       324  20     4  34  10. 

In  iilunaciom      ^-^^         354    8  48  37    t6. 

In  i3luaanon3       -  ^^j  21   32  40  2|« 

fiut  then  it  would  be  bed  to  begin  the  year  witb  March  1 
rri  avoid  the  tnconvetiience  of  ly£ng  a  day  by  miilake  in 
'eap*)ear« 
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be  added  to  ihr  tixat  for  which  the  moon'»  mcaii  di(Unce 
fr<im  the  ftin  is  given,  Buit  when  the  mean  time  of  any 
new  or  full  moon  is  requtred  in  Icap-j'Car  iffcr  Fcbruaf y< 
a  dajr  mild  be  fubhijded  from  ihe  mtan  time  thereof,  41 
found  by  the  1 9 hies.     In  common  ^ears  they  give  the  djy 


Years 


A  ^ahk  of  the  Surfs  mean  Motion  from  the  Moorfs 
AJcending  Node. 
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^^  Air,  its  properties                        ■■■  ■  169 

Air-puinp                     ■                        •—  tya 
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MECHANICS. 

iption  of  a  new  andjafe  Crane^  which 
r  d'-fcrcm  Powers^  adapted  /#  differeui 
s. 

\  E  common  crane  confifts  only  of  a 
large  wheel  and  axle  \  and  the  rope,  by' 
which  goods  are  drawn  up  from  (hips, 
wn  from  the  quay  to  them,  winds  or 
d  by  the  axle,  as  the  axle  is  turned  by 
king  in  the  wheel.  Bur,  as  thcfe 
ave  nothing  to  ftop  the  weight  from 
own,  if  any  of  the  men  happen  to  trip 
the  wheel,  the  weight  defcends,  and* 
wheel  rapidly  backward,  and  tofles  the* 
ently  about  within  it)  which  has  prt;^- 
clancholy  inftances,  not  only  of  limbs 
D  d  a  broke. 
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broke,  but  even  of  lives  loft,  by  this  ill-judged 
conftrudion  of  cranes.  And  befides^  they  have 
but  one  power  for  all  forts  of  weights  j  fo  that 
they  generally  Ipend  as  much  time  in  raiGng  a 
fmall  weightj  as  in  railing  a  great  ooe, 

Thefe  imperfections  and  dangers  mduced  me 

to  think  of  a  method  of  remedying  them.  And 

for  that   purpofe,    I  contrived  a  crane  with  a 

proper  ftop  to  prevent  the  danger,   and  widi 

^^    •  different  powers  fuited  to  different  weights ;  fb 

{^       that  there  might  be  as  little  lols  of  time  as  pot 

^       fible :  and  alfo^  that  when  heavy  goods  are  let 

o        down  into  fhipSj  the  delcent  may  be  regular  aod 

"^         deliberatCt 


This  crane  has  four  different  powers :  and,  I 
believe,  it  might  be  built  in  a  room  eight  feet 
in  width:  the  gib  being  on  the  Qutfideof  the 

room. 

Three  trundles,  with  different  numbers  of 
ftavcs,  are  applied  to  the  cogs  of  a  horizontal 
wheel  with  an  upright  axle  j  and  the  rope,  that 
draws  up  the  weight,  coils  round  the  axle.  The 
wheel  has  96  cogs,  the  largcft  trundle  24  ftavcs, 
the  next  largeft  has  1 2,  and  the  fmalleft  has  6. 
So  that  the  largeft  trundle  makes  4  revolutions 
for  one  revolution  of  the  wheel ;  the  next  makes 
8,  and  the  fmalleft  makes  16.  A  winch  is 
occafionaHy  put  upon  the  axis  of  either  of  thefe 
trundles,  for  turning  it ;  the  trundle  being  then 
ufcd  that  gives  a  power  beft  fuited  to  the  weight: 
and  the  liandle  or  the  winch  defcribcs  a  circle  in 
every  revolution  equal  to  twice  the  circum- 
ference of  the  axle  of  the  wheel.     So  diat  the 

length 
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lengdi  of  the  winch  doubles  the  power  gained  by 
each  trundle. 

As  the  power  gained  by  any  machine^  or  en- 
gine whatever^  is  in  dire£t  proportion  as  the 
velocity  of  the  power  is  to  die  velocity  of  the 
weight ;  the  oowers  of  this  crane  arc  eaiily  efti- 
matedj  and  mey  are  as  follows. 

If  the  winch  be  put  upon  die  aade  of  the 
largeft  trundle,  and  turned  four  times  round, 
the  wheel  and  axle  will  be  turned  once  round : 
and  the  circle  defcribed  by  the  power  that  turns 
the  winch,  being,  in  each  revolution,  double  the 
circumference  of  the  a:^e,  when  the  thicknefs 
of  the  rope  is  added  thereto;  the  power  goes 
through  eight  times  as  much  (pace  as  the  weight 
rifes  through :  and  therefore  (makmg  (bme 
allowance  for  friftion)  a  man  will  raife  eight 
dmes  as  much  weight  by  the  crane  as  he  would 
by  his  natural  ftrength  without  it :  the  power,  in 
this  cafe,  being  as  eight  to  one. 

If  the  winch  be  put  upon  the  axis  of  the  next 
trundle,  the  power  will  be  as  fixteen  to  one,  becaufe 
it  moves  i6  times  as  fait  as  the  weight  moves. 

If  the  winch  be  put  upon  the  axis  of  the 
fmalleft  trundle,  and  turned  round;  the  power 
will  be  as  32  to  one. 

But,  if  the  weight  (hould  be  too  great,  even 
for  this  power  to  raife,  the  power  may  be 
doubled  by  drawing  up  the  weight  by  one  of 
the  parts  of  a  double  rope,  going  under  a  pulley 
in  the  moveable  block,  which  is  hooked  to  the 
weight  below  the  arm  of  the  gib ;  and  then  the 
D  d  3  power 
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power  will  be  as  64  to  one.  Thar  is,  t  mta 
could  ihen  raife  64  times  as  much  weight  by  the 
.  crane  u  he  could  raife  by  his  natural  ftjtGgdi 
without  li  I  becaufe,  for  every  inch  that  ihc 
weight  rifcs,  the  working  power  wll  move  iliiough 
64  inches.  ^ 

By  hanging  ^  block  with  two  pullics  to  die 
arm  of  the  gib>  and  having  two  puUics  in  die 
moveable  bWck  that  r  fes  with  the  weight,  the 
rope  being  dcMibied  aver  and  under  thrfc  pullic% 
the  power  of  the  crane  will  be  as  t  a8  to  one* 
And  lb,  by  increafing  die  number  of  puUics,  iJw 
power  may  be  increalcd  as  much  as  you  pka^: 
always  remembering,  thst  the  larger  the  pulliei 
are,  the  k&  is  tlieir  fridion* 

While  the  weight  is  dj  awing  up,  the  ratch- 
teeth  of  a  wheel  flip  round  below  a  catch  or  click 
that  fidls  fucccffively  into  them,  and  ib  hindm 
the  crane  from  turning  badcward,  and  detains 
the  weight  in  any  part  of  its  aicent,  if  the  man 
who  works  at  the  winch  Ihould  accidentally  hap- 
pen to  quit  his  hold,  or  choofe 'to  refl  himfdf 
before  the  weight  be  quite  drawn  up. 

In  order  to  let  down  the  weight,  a  man  pulls 
down  one  end  of  a  kvcr  of  iht  feoond  kind, 
*  which  lifts  the  catch  of  the  xatchet-ix^eel,  and 
gives  the  weight  liberty  to  dcfcend.  But,  if  the 
defcent  be  too  quick,  he  pulls  the  lever  a  litdc 
farther  down,  fo  as  to  miake  it  rub  againft  the 
outer  edge  of  a  round  wheels  by  which  means 
he  lets  down  the  weight  as  flowly  as  he  preafik: 
and,  by  pulling  a  little  harder,  he  may  (bop  the 
weight,  if  needful,    in  any  part  of  its  delccnt. 
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If  he  accidentally  quits  hold  of  the  lever>  the 
catch  immediately  falls,  and  ftops  both  the 
weight  and  the  whole  machine* 

This  crane  is  rcprefented  in  PLATE  L 
where  yf  is  the  great  wheel,  and  B  its' axle  on 
which  the  rope  C  winds.  This  rope  feoes  over 
a  pulley  D  in  the  end  of  the  arm  of  the  gib  £, 
and  draws  up  the  weight  Fy  as  the  winch  G  is 
turned  round-  H  is  the  largeft  trundle,  /  th^ 
next,  and  K  is  the  axis  of  the  fmalleft  trundle, 
which  is  fuppofed  to  be  hid  from  view  by  the 
upright  fupporter  £•  A  trundle  M  is  turned 
by  the  great  wheel,  and  pn  the  axis  df  this 
trundle  is  fixed  the  ratchet-wheel  iV,  into  the 
teeth  of  which  the  catch  O  falls,  P  is  the  lever, 
from  which  goes  a  rope  ^^>  over  a  pulley  R 
to  the  catch  -,  one  end  of  the  rope  being  fixed 
•  to  the  lever,  and  the  other  end  to  the  catch.  S 
is  an  elaftic  bar  of  wood,  one  end  of  which  is 
fcrewed  to  the  floor :  and,  from  the  other  end 
goes  a  rope  (out  of  fight  in  the  figure)  to  the 
further  end  of  the  lever,  beyond  the  pin  or  axis 
on  which  it  turns  in  the  upright  fupporter  T. 
The  ufe  of  this  bar  is  to  keep  up  the  lever  from 
rubbing  againft  the  edge  of  the  wheel  C/,  and  to 
let  the  catch  keep  in  the  teeth  of  the  ratchet- 
wheel  :  But  a  weight  hung  to  the  farther  end  of 
the  lever  would  do  full  as  well  as  the  elaftic  bar 
and  rope. 

When  the  lever  is  pulled  down,  it  lifts  the 
catch  out  of  the  ratchet-wheel,  by  means  of  the 
rope  i^^,  and  gives  the  weight  F  liberty  to 
defcend :  but  if  the  lever  P  be  pulled  a  little 
farther  down  than  what  is  fufficient  to  life  the 
catch  0  out  of  the  ratchet-wheel  N,  it  will  rub 
D  d  4  >^i\^ 
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agalnft  the  edge  of  the  wheel  t/,  and  Acttbf 
hinder  the  too  quick  defcent  of  the  weighty  ana 
will  quite  ftop  the  weight  if  pulled  hard-  And 
if  the  man  who  pulls  die  kyer,  fhoutd  happen 
inadvertently  to  let  it  go  j  the  claftic  bar  will 
fuddcnly  pull  it  up,  and  the  catch  will  fall  down 
and  Itup  the  machine* 

H^W  are  two  upright  rollers  above  the  axis 
or  upper  gudgeon  of  the  gib  £ ;  their  ufe  is  to 
let  the  rope  C  bend  upon  them,  as  the  gib  is 
turned  to  either  fide,  in  order  to  bring  the  weighc 
over  the  place  where  it  is  intended  to  be  let 
down, 

N.  B.  The  rollers  ought  to  be  (b  placed^  that 
if  the  rope  C  be  ftrctchcd  clofe  by  their  utmoft 
fides,  the  half  thicknefs  of  the  rope  may  be 
perpendicularly  over  the  center  or  the  upper 
^dgeon  of  the  gib.  For  then,  and  in  no  odier 
pofition  of  the  rollers,  the  length  of  the  rope 
between  the  pulley  in  the  gib  and  the  axle  of  tnc 
great  wheel  will  be  always  the  fame,  in  all  pofi- 
tions  of  the  gib :  and  the  gib  will  remain  in  any 
pofition  to  which  it  is  turned. 

When  either  of  the  trundles  is  not  turned  by 
the  winch  in  working  the  crane,  it  may  be  drawn 
off  from  the  wheel,  after  the  pin  near  the  axis  of 
the  trundle  is  drawn  out,  and  the  thick  piece  of 
wood  is  raifed  a  little  behind  the  outward  fup- 
portcr  of  the  axis  of  the  trundle;  But  this  is 
not  material :  for,  as  the  trundle  has  no  friftion 
on  its  axis  but  what  is  occafioned  by  its  weight, 
it  will  be  turned  by  the  wheel  without  any  Icn- 
fible  refiftance  in  working  the  crane. 

A  Pyrp- 
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muter y  that  makes  the  Expanfion  of  Metals 
bat  vifible  to  the  J(ue  and  forty  tboufandtb 
f  of  an  jbfcb. 

I  upper  furface  of  this  machine  is  repre- 
by  Fig.  I .  of  Plate  II.  Its  frame  JB  CD 
c  of  mahogany  wood,  on  which  is  a  circle 
1  iQto  360  equal  parts;  and  within  that 
is  another,  divided  into  8  equal  parts.  If 
>rt  bar  E  be  pufhed  one  inch  forward  (or 
.  the  center  ot  the  circle)  the  index  e  will 
led  125  times  round  the  circle  of  360  parts 
rees.  As  1 25  times  360  is  45,000,  'tb  evi- 
lat  if  the  bar  E  be  moved  only  the  45,ooodth 
*  an  inch,  the  index  will  move  one  degree 
circle.  But  as  in  my  pyrometer,  the  circle 
ches  in  diameter,  the  motion  of  the  index 
>le  to  half  a  degree,  which  anfwers  to  the 
thoufandth  part  of  an  inch  in  the  motion 
hing  of  the  fliort  bar  E. 

I  end  of  a  long  bar  of  metal  F  is  laid  into 
3w  place  in  a  piece  of  iron  G,  which  is 
to  the  frame  of  the  machine;  and  the 
end  of  this  bar  is  laid  againft  the  end  of 
art  bar  £,  over  the  fupporting  crofs  bar 
and,  as  the  end /of  the  long  bar  is  placed 
igainft  the  end  of  the  (hort  bar,  it  is  plain, 
'  F  expands,  it  will  pulh  E  forward,  and 
ic  index  e. 

t  machine  (lands  on  four  (hort  pillars,  high 
h  from  a  table,  to  let  a  fpirit-lamp  be  put 
table  under  the  bar  F ;  and  when  that  is 
the  heat  of  the  flame  of  the  lamp  expands 
r,  and  turns  the  index. 
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There  arc  Imrs  of  diffirrenc  metals,  as  filTro^, 
bmfs,  and  inw ;  all  of  the  fame  length  as  the 
bar  Fp  for  frying  experiments  on  the  difterenc 
expanfions  of  dift'erent  metalsj  by  equal  degrees 
of  beat  applied  to  them  for  equal  lengti^  of 
time ;  which  may  be  meafurcd  by  a  pendialiim, 
that  firings  feconds.     Thus, 

Put  on  the  brafs  bar  F,  and  fct  the  index  to 
the  360th  degree :  then  put  the  lighted  lamp 
noder  the  bar,  and  count  the  number  of  tecoitds 
in  which  the  index  got- s  round  the  plate,  from 
360  to  360  again  -,  and  then  blow  out  the  lamp, 
&nd  take  away  the  bar. 

This  done,  put  on  an  iron  bar  F  where  the 
brafs  one  was  before,  and  then  fet  the  index  to 
the  360th  degree  again.  Light  the  lamp,  and 
put  it  under  the  iron  bar,  and  let  it  remain  juft 
as  many-feconds  as  it  did  under  the  brafsLonci. 
and  then  blow  it.  out,  and  you  will  fee  how 
many  degrees  the  index  has  moved  in  the  circle: . 
and  by  that  means  you  will  know  in  what  pro- 
portion die  expanfion  of  iron  is  to  the  expanfion 
of  brafs ;  which  I  find  to  be  as  a  10  is  to  360,  or 
as  7  is  to  1 2. — By  this  method,  the  relative  ex- 
panGons  of  different  metals  may  be  found. 

The  bai;s  ought  to  be  exaftly  of  equal  fizei 
and  to  have  them  fo,  they  fhould  be  drawn,  like 
wire,  through  a  hole. 

When  the  lamp  is  blown  out,  you  will  fee  the 
index  turn  backward ;  which  ihews  that  the 
metal  contrafts  as  it  cools. 

The  infide  of  this  pyrometer  is  conftruded  as 
follows. 

.  In 
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In  Fig.  2.  Aa  \%  the  ihort  bar  which  movct 
between  rollers  i .  and,  on  the  fide  a  it  has  1 5 
teeth  in  an  inch,  which  take  into  the  leaves  of  a 
pinion  B  (r2  in  number)  -on  whofe  axis  is  the 
wheel  C  of  100  teeth,  which  take  into  the  10 
leaves  of  the  pinion  A  on  whofe  axis  is  the 
wheel  iE  of  100  teeth,  which  take  into  the  10 
leaves  of  the  pinion  F,  00  the  top  of  whofe  axis 
is  the  index  above-mentioned. 

Now,  as  the  wheels  C  and  E  have  100  teeth 
each,  and  the  pinions  JD  and  F  have  ten  leaves 
each  \  it  is  plain,  that  if  the  wheel  C  turns  once 
round,  the  pinion  F  and  the  index  on  its  axis 
will  turn  100  times  round.  But,  as  the  firft 
pinion  B  has  only  12  leaves,  and  the  bar  A  a 
that  turns  it  has  15  teeth  in  an  'ihch,  which  is 
1 2  and  a  fourth  part  more  j  one  inch  motion  of 
the  bar  will  caufe  the  laft  pinion  F  to  turn  a 
hundred  times  round,  and  a  fourth  part  of  a 
hundred  over  and  above,  which  is  25,  So  th^jt, 
if  y^^  be  pufhed  one  inch,  F  will  be  turned  125 
times  round. 

A  filk  thread'^  is  tied  to  the. axis  of  the  pinion 
jD,  and  wound  fcveral  times  round  it ;  and  the 
other  end  of  the  thread  is  tied  to  a  piece  of 
flender  watch-fpring  G  which  is  fixed  into  the. 
ftud  H.  So  that,  as  the  bar  /  expands,  and 
pufhes  the  bar  A  a  forward,  the  thread  winds 
round  the  axle,  and  draws  out  the  fpring ;  and 
as  the  bar  contrafls,  the  fpring  pulls  back  the 
thread,  and  turns  the  work  the  contrary  way, 
which  pufhes  back  the  fliort  bar  A  a  againft  the 
long  bar  /.  This  fpring  always  keeps  the  teeth 
of  the  wheels  in  contact  with  the  leaves  of 
9  '  the- 
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the  pinions^  atid  Co  prevencs  any  Ihake  m  the 
tctth* 

In  Fig.  I,  the  eight  diviiions  of  the  Imcr 
circle  arc  lb  many  thoufaodth  parts  of  an  inch  in 
ihc  cxpanfion  or  contraabn  of  the  bars  ;  which 
h  juft  one  thouf^ndth  part  of  an  inch  for  each 
divifion  moved  over  by  die  index. 


AlFiUir-MUI^  immied  iy  Dr.  Barker,  thai  km 
ndiber  fp^eet  hqt  Trundk* 

This  machine  is  reprefented  by  Fig.  i.  of 
Plate  III,  in  which,  A  k  ^  pipe  or  channel  that 
brings  water  to  the  upright  tube  B*  The  water 
runs  down  the  tube,  and  thence  into  the  hori- 
zontal trunk  Q  and  runs  out  through  holes  at 
d  and  e  near  the  ends  of  the  trunk  on  the  con- 
trary fides  thereof 

The  upright  ipindle  D  is  fixt  in  the  bottom 
of  the  trunk,  and  fcrewed  to  it  below  by  the 
nut  g ;  and  is  fixt  into  the  trunk  by  two  crofs 
bars  at/;  fo  that,  if  the  tube  B  and  trunk  Cbc 
turned  rounds  the  Ipindle  D  will  be  turned 
alfo. 

The  top  of  the  fpindle  goes  fquarc  into  the 
rynd  of  the  upper  miU-ftonc  /ii  as  in  common 
mills  i  and,  as  the  trunk,  tube,  and  Ipindle  turn 
round,  the  mill-ftone  is  turned  round  there- 
by. The  lower,  or  quiefcent  miU-ftone  is  re- 
prefented by  /;  and  K  is  the  floor  on  which  it 
rclbj  and  wherein  is  the  hole  L  for  letting  the 

meal 
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meal  run  through,  and  fall  down  into  a  trou^ 
which  n^ay  be  about  M.  The  hoop  or  cafe 
that  goes  round  the  mill-ftone  refts  on  the  floor 
K^  and  fupports  the  hopper,  in  die  oommoa 
way.  The  lower  end  of  the  (pindk  turns  in  a 
hole  in  the  bridge-tree  G  -F,  which  fupports  the 
mill-ftone,  tube,  fpindle,  and  trunk.  This 
tree  is  moveable  on  a  pin  at  hy  and  its  other  en4 
is  fupported  by  an  iron  rod  Jv  fixt  into  it,  difi 
top  of  the  rod  snng  through  the  fixt  bracket 
O,  and  having  aTcrew-nut  o  upon  it,  above  die 
bracket.  By  turning  this  nut  forward  or  back-- 
ward,  die  mill-ltone  is  raifed  or  lowered  at 
pleafure. 

While  the  tube  Bis  kept  full  of  water  from 
the  pipe  A^  and  the  water  condnues  to  run  out 
from  the  ends  of  the  trunks  the  upper  mill- 
ftone  //,  together  with  the  trunk,  tube,  and 
(pindle  turns  round.  But,  if  the  holes  in  the 
trunk  were  ftopt,  no  modon  would  enfue ;  cvea 
though  the  tube  and  trunk  were  full  of  water. 
For, 

Jf  there  were  no  hole  in  the  trunk,  the  pref- 
fure  of  the  water  would  be  equal  againft  all 
parts  of  its  fides  within.  But,  when  the  water 
has  free  egrefs  through  the  holes,  its  pitfiure 
there  is  entirely  removed  i  and  the  preflyre 
againfl  the  parts  of  the  fides  which  are  oppofite 
to  the  holes,  turns  the  machine. 
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Ji  Mucbim  for.  defHmfirating  ihai^  m  e^ua!  Ssi'^ 

iGim^  th€  Pnjfhre  of  Fluids  is  in  Pr^^forim  f^ 

^      ibelr  perfcnMcuhr  Heighis^  wUboui  my  regmd 

i&  ibcir  S^iafifflies* 

THIS  is  termed  The  Hydro^aiical  Par^^x : 
and  the  machine  for  fhcwing  ix  is  rcprc- 
*  fentcd  in  Fig.  2.  ofPkte  111,  In  which  y/  is  3 
tsox  that  holds  about  a  pound  of  water^  aki de 
a  glafs-tube  fixt  ta  the  top  of  the  box,  having  a 
fiiYall  wire  within  it ;  one  end  of  the  wire  being 
hooked  to  the  end  F  qf  the  beam  of  a  balance, 
and  th^  other  end  of  the  wire  fixt  to  a  moveable 
bottom,  on  which  the  water  lies,  within  the  box ; 
the  bottom  and  wire  being  of  equal  weight  with 
an  empty  fcale  (out  of  fight  in  the  figure)  hang- 
ing at  the  other  end  of  the  balance.  If  this  fcale 
be  pulled  down,  the  bottom  will  be  drawn  up 
within  the  box,  and  that  motion  will  caufe  the 
water  to  rife  in  the  glafs-tube. 

Put  one  pound  weight  into  the  fcale,  which 
will  move  the  bottom  a  little,  and  caufe  the 
water  to  ^pear  juft  ia  the  lower  end  of  the 
tube  at  ^^5  which  fliews.  that  the  water  preflcs 
with  the  force  of  one  pound  on  the  bottom  :  put 
another  pound 'into  the  fcale,  and  the  water  will 
rife  from  ^  to  ^  in  the  tube,  juft  twice  as  high 
above  the  bottom  as  it  was  when  at  a  j  and  then, 
as  its  prefllire  on  the  bottom  fupports  two  pound 
weight  in  the  fcale,  it  is  plain  that  the  preffure 
on  the  bottom  is  then  equal  to  two  p)oui)ds. 
Put  a  third  pound  weight  m  the  fcale,  and  the 

water 
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^2Ltcv  will  be  raifed  from  ^  to  ^  in  the  tube, 
three  times  as  high  above  the  bottom  as  when 
it  began  to  appear  in  the  tube  at  ^ ;  which 
Ihews,  that  the  fame  quantity  of  water  that 
preffed,  but  with  the  force  of  one  pound  on 
the  bottom^  when  railed  no  higher  than  a^ 
prefles  with  the  force  of  three  pounds  on  th^ 
bottom  when  raifed  three  times  as  high  to  c  ia 
the  tube.  Put.  a  fourth  pound  weight  into  the 
fcale,  and  it  will  caufe  the  water  to  rife  in  the 
tube  from  c  to' dy  four  times  as  high  as  whea 
it  was  all  contained  in  the  box,  >yhich  fhews 
that  its  preffure  then  upon  the  bottom  is 
four  times  as  great  as  when  it  lay  all  within  the 
box.  Put  a  fifth  pound  weight  into  the  fcalcj 
and  the  water  will  rife  in  the  tube  from  ^  to  ^ 
five  times  as  high  as  it  was  above  the  bottom 
before  it  rofe  in  the  tube ;  which  Ihews  that  its 
preffure  on  the  bottom  is  then  equal  to  five 
pounds,  feeing  that  it  fupports  fo  much  weight 
in  the  fcale.  And  fo  on,  if  the  tube  was  ftUl 
longer;  for  it  would  dill  require  an  additional 
pound  put  into  the  fcale,  to  raife  the  water  ia 
the  tube  to  an  additional  height  equal  to  the 
foace  de-y  even  if  the  bore  of  the  tiibe  was  fb 
unall  as  only  to  let  the  wire  move  freely  within 
it,  and  leave  room  for  any  water  to  get  round 
the  wire,  .    r 

Hence  we  infer,  that  if  a  long  narrow  pipe 
or  tube  was  fixed  in  the  top  of  a  cajQc  full  oi 
liquor,  and  if  as  much  liquor  was  poured  into 
the  tube  as  would  fill  it,  even  though  it  were 
fo  fmall  as  not  to  hold  an  ounce  weight  of  li- 
quor ;  the  preflure  arifing  frorn  th»  liquor  in 
the  tube  would  be  as  great  upon  the  bottom, 

and 
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in  as  much  danger  of  buHUng  it  out,  at 


cafk  was  continued  up,  in  its  full  fizc,  w 
le      ght  of  the  tube^  and  filled  with  liquor. 


^^^^H  nrder  to  account  for  this  furprifing  affair, 

^^^^^    we  IT   ft  conQder  that  fluids  prels  equally  m  all 

■    th 


mai     r  of  diredtons  i 
they  prefs  ji      \ 
downward.     J    r  " 
into  a  hole  mad 
the  box  be  filled  wim  i? 
be  poured  in  at  the  top 
will  rife  in  the  tube/  to 


and  confequcntly  that 
ly  upward  as  they  do 
her  tube,  as  /,  be  put 
e  top  of  the  boxy  and 
and  then,  if  water 


er 


f  the  tube  ^  3  <^  de^  Jt 
e  fame  height  as  it  does 


in  the  other  tube :  and  ir  you  leave  off  pouring, 
when  the  water  is  at  c^  or  any  other  place  in  the 
tube  aicdfj  you  will  find  it  juft  as  high  ii^die 
tube  /:  and  it  you  pour  in  water  to  fill  the  fiift 
tube^  the  fecond  will  be  filled  alfo. 

Now  it  is  evident  that  the  water  rifes  in  die 
tube  f,  (rom  the  downward  preflure  of  the  wa- 
ter in  the  tube  aicde,  on  the  iurface  of  die 
water>  contiguous  to  the  infide  of  the  top  of  the 
box;  and  as  it  will  ftand  at  equal  heights  ia 
both  tubesj  the  upward  p^flure  in  the  tube/  is 
equal  to  the  downward  prefliire  in  the  other  tube. 
But,  if  the  tube  /  were  put  in  any  other  part  of 
the  top  of  the  box,  the  rifing  of  the  water  in  it 
would  ftiU  be  the  fame :  or,  if  the  top  was  full 
of  holes,  and  a  tube  put  into  each  of  them,  the 
water  would  rife  as  high  in  each  tube  as  it  was 
poured  into  the  tube  aicde;  and  then  the 
moveable  bottom  would  have  the  weight  of  the 
water  in  all  the  tubes  to  bear^  bcfide  the  weight 
of  all  the  water  in  the  hcau 


And 
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And  feeing  that  the  water  is  preffed  upward 
into  each  rube,  it  is  evident  that,  if  they  be  all 
taken  away,  excepting  the  tube  abcde^  and 
the  holes  in  which  they  flood  be  ftopt  up ;  each 
part,  thus  ftopt,  will  be  preffed  as  much  up- 
ward as  w.as  equal  to  the  weight  of  water  in  each 
tube.  So  that,  the  upward  preffure  againft  the 
infide  of  the  top  of  the  box,  on  every  part  equal 
in  breadth  to  the  width  of  the  tube  abcde^  will 
be  preffed  upward  with  a  force  equal  to  the 
y^hole  weight  of  water  in  the  tube.  And  confe- 
quently,  the  whole  upward  preffure  againft  the 
top  of  the  box,  arifmg  from  the  weight  or 
downward  preffure  of  the  water  in  the  tube  will 
be  equal  to  the  weight  of  a  column  of  water  of 
the  fame  height  with  tiiat  in  the  tube,  and  of  the 
fame  (l>icknefs  as  the  width  of  the  inlide  of  the 
Ijox :  and  this  upward  preffure  againft  the  top 
will  re-a<Et  downward  againft  the  bottom  and 
be  as  great  thereon,  as  would  be  equal  to  the 
weight  of  a  column  of  water  as  thick  as  the 
moveable  bottom  is  broad,  and  as  high  as  the 
water  ftands  in  the  tube.  And  thus^  the  para- 
dox is  folved. 

The  moveable  bottom  has  no  fridion  againft 
the  infide  of  the  box,  nor  can  any  water  get  be- 
tween it  and  the  box.  The  method  of  making 
it  fo,  is  as  follows  : 

In  Fig.  3.  4  BCD  reprefents  a  feftion  of  the 
box,  and  abed  is  the  lid  or  top  thereof,  which 

g>es  on  tight,  like  the  lid  of  a  common  paper 
uff-box.     E  is  the  moveable  bottom,  with  a 
groove  around  its  edge,   and  it  is  put  into  a 
bladder  fgy  which  is  tied  clofe  around  it  in  the 
E  e  ^  groove 
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groove  by  a  ftrong  waxed  thread  j  the  bladder 
coming  up  like  a  purfe  within  the  boK,  and  put 
over  tlie  top  of  it  at  a  and  V  all  round,  and  then 
the  lid  pre  fled  on-  So  that,  if  water  be  poured 
in  through  the  hole  //  of  the  Jid,  ic  will  lie  upon 
the  bottom  £>  and  be  contained  in  the  fpace 
fEgb  within  the  bladder i  and  the  bottom  may 
be  raifed  by  pulling  the  wire  r,  which  is  fixed  to 
it  at  E  :  and  by  thus  p  ling  the  wire^  the  water 
will  be  lifted  up  in  ihe  tube  kj  and  as  the  bot- 
tom docs  not  touch  againft  the  bCde  of  the  box, 
It  moves  without  friction. 

Now,  fuppofe  the  diameter  of  this  round  bot- 
toni  "  '  '  '"  three  inches  (in  which  rafe_,  r^.:  -rea 
thereof  will  be  9  circular  inches)  and  the  diame- 
ter of  the  bore  of  the  tube  to  be  a  quarter  of  an 
inch  ;  the  whole  area  of  the  bottom  will  be  144 
times  as  great  as  the  area  of  the  top  of  a  pin 
that  would  fill  the  tube  like  a  cork. 

And  hence  it  is  plain,  that  if  the  moveable 
bottom  be  raifed  only  the  144th  part  of  an  inch, 
the  water  will  thereby  be  raifed  a  whole  inch  in 
the  tube ;  and  confequently,  that  if  the  bottom 
be  raifed  one  inch,  it  would  raife  the  water  to 
the  top  of  a  tube  144  inches,*  or  12  feet,  in 
height. 

N.  B.  The  box  muft  be  open  below  the  move- 
able bottom,  to  let  in  the  air.  Otherwife,  the 
preffure  of  the  atmofphere  would  be  fo  great  upon 
the  moveable  bottom,  if  it  be  three  inches  in 
diameter,  as  to  require  108  pounds  in  the  fcale, 
to  balance  that  preffure,  before  the  bottom  could 
begin  to  move. 

^  Alacbinii 
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yf  Machine^  to  he  fubftituted  in  place  of  the  eom^ 
mon  Hydroftatical  Bellows. 

In  Fig.  I.  of  Plate  IV.  ABCD  is  ah  dblong 
iquare  box,  in  one  end  of  which  is  a  round 
'groove,  as  at  <a,  from  top  to  bottom,  for  receiv- 
ing the  upright  glafs  tube  /,  which  is  bent  to  a 
fight  angle  at  the  lower  end  (as  at  /  in  Fig.  2.) 
4ind  to  that  part  is  tied  the  neck  of  a  large  blad- 
der K  (Fig.  2.)  which  lies  in  the  bottom  of  the 
Jbox.  Over  this  bladder  is  laid  the  moveable 
l^oard  L  (Fig.  1  and  3.),  in  which  is  fixt  an  up- 
right wire  M;  and  leaden  weights  NN,  to  the 
ifimount  of  16  pounds,  with  holes  in  their  mid- 
dle, which  are  put  upon  the  wire,  over  the  boards 
^d  prefs  upon  it  with  all  their  force. 

The  crofs  bar  p  is  then  put  on,  to  fecure  the* 
tube  from  falling,  and  keep  it  in  an  upright  pofi- 
tion :  And  then  the  piece  EFG  is  to  be  put  on, 
the  part  G  Aiding  tight  into  the  dove-tailed 
jgroove  //,  to  keep  the  weights  NN  horizontal, 
and  the  wire  M  upright;  there  being  a  round 
'  |iole  e  in  the  part  EF  for  receiving  the  wire. 

There  are  four  upright  pins  in  the  four  cor- 
fiers  of  the  box  within,  each  almoft  an  inch  long, 
for  the  board  L  to  reft  upon :  to  keep  it  from 
preffing  the  fides  of  the  bladder  below  it  clofe 
together  at  firft. 

The  whole  machine  being  thus  put  together, 

pour  water  into  the  tube  au  top ;  and  the  water 

will  run  down  the  tube  into  the  bladder  below 

the  board  j  and  after  the  bladder  has  been  filled 

E  e  2  up 
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Up  to  the  boardj  continue  pouring  water  into  th6 
tubC|  and  the  upward  preffure  which  it  will  ex- 
cite in  the  bladder,  will  raifc  the  board  with  all 
^e  weight  upon  it,  even  though  the  bore  of  the 
be  ftiould  be  fo  fmall^  that  lefs  than  an  ounce 
water  would  fill  it. 


This  nfiachine  2,1 
as  the  one  kll 

ttkal  paradox* 
every  part  of 
touches)  equal 
of  the  tube,  % 


:«, 


on  the  fame  principle, 
>  concerning  the  Hydn- 
t  upward  preflTurc  aguinft 
d  (which  the  bladder  ■ 
CO  the  area  of  the  bore  I 
[Ted  upward  with  a  force 
equal  to  the  weight  ot  the  water  in  the  tube  j 
and  the  fum  of  all  thefe  preffures,  againft  fo 
many  areas  of  the  board,  will  be  fufficient  to  raifc 
it  with  all  the  weights  upon  it,^ 

In  my  opinion^  nothing  can  exceed  this  Am- 
ple machine,  in  making  tSc  upward  preffure  of 
fluidi  evident  to  fight. 

^he  Cauji  of  reciprocating  Springs,  and  of  ehimg 
and  fiowing  JVells,  e^iained. 

In  Fig.  I.  of  Plate  V.  let  aicd  be  a  hill, 
within  which  is  a  large  cavern  /f  ^f  near  the  top, 
filled  or  fed  by  rains  and  melted  fnow  on  the  top 
a,  making  their  way  through  chinks  and  cran- 
nies into  the  faid  cavern,  from  which  proceeds  a 
fmall  ftream  CC  within  the  body  of  the  hill,  and 
iffyes  out  in  a  fpring  at  G  on  the  fide  of  the  hiU, 
which  will  run  conftantly  while  the  cavern  is  fed 
with  water. 

From  the  lame  cavern  jf^^  let  there  be  ft 
fmall  channel  D,  to  carry  water  into  the  cavern 


# 


r  •^^. 
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Bi  and  from  that  cavern  let  there  be  a  bended 
channel  EeF,  larger  than  A  joining  with  the 
former  channel  CQ  2s  at/  before  it  comes  to 
the  fide  of  the  hill :  and  let  the  joining  at /*  be 
below  the  level  of  the  bottom  ot  both  thelc  ca- 
verns. 

As  the  water  riles  in  the  cavern  By  it  will  rife 
as  high  in  the  channel  EeF:  and  when  it  riles 
to  the  top  of  that  channel  at  e^  it  will  run  down 
die  part  eFG^  and  make  a  fwell  in  the  fpring 
??,  which  will  continue  till  all  the  water  is  drawn 
off  from  the  cavern  5,  by  the  natural  fyphon 
EeF  (which  carries  off  the  water  faller  from  B 
than  the  channel  D  brings  water  .to  it)  and  then 
the  fwell  will  ftop,  and  only  the  fmall  .channel 
t^C  will  carry  water  to  the  fpring  G,  till  the 
cavern  B  is  filled  to  B  again  by  the  rill  D  j  and 
then  the  water  being  at  the  top  e  of  the  channel 
EeF^  that  channel  will  adt  again  as  a  fyphon, 
and  carry  off  all  the  water  from  B  to  the  fpring 
G,  and  fo  make  a  fwelling  flow  of  water  ac  G  as 
Wore. 

To  illuftrate  this  by  a  machine  {Fig.  2.)  let  A 
be  a  large  wooden  box,  filled  with  water;  and 
let  a  fmall  pipe  CC  (the  upper  end  of  which  is 
fixed  into  the  bottom  of  the  box)  carry  water 
from  the  box  to  G,  where  it  will  run  off  con- 
ftandy,  like  a  fmall  fpring.  Let  another  fmall 
pipe  D  carry  water  from  the  faiTie  box  to  the 
box  or  well  By  from  which  let  a  fyphon  EeF 
proceed,  and  join  with  the  pipe  CC  at/;  the 
bore  of  the  fyphon  being  larger  than  the  bore 
of  the  feeding-pipe  D.  As  the  water  from  this 
pipe  rifes  in  the  well  By  it  will  alfo  rife  as  high 
in  the  fyphon  EeF-y  and  when  the  fyphon  is 
E  e  3  .  fuU 
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full  to  the  top  tf,  the  water  will  run  over  the 
bend  ty  down  the  part  r  F,  and  go  oft'  at  the 
mouth  G ;  which  will  make  a  great  ftream  at 
G :  and  that  ftream  will  continuei  till  the  fyphon 
has  carried  off  all  the  water  from  the  well  B  i 
the  fyphon  carrying  off  the  water  fafter  from  B 
than  the  pipe  D  britiP^s  water  to  it :  and  thca 
the  fwell  at  G  will  ,   and  only  the  water 

from  the  fmall  pipe  '  ^    will  run  off  at   G,  till 
the  pipe  D  fills  the        1  B  again;    and  then 
the  fyphon  will  run,  ana  make  a  fwell  at  G  as 
•  before. 

And  thus,  we  have  an  artificial  reprefentation 
of  an  ebbing  and  flowing  well,  and  of  a  reci- 
procating fpring,  in  a  Very  natural  and  fimplc 
manner. 
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An  Account  of  the  Principles  by  which  Mr.  Blakcy 
fropofes  to  raife  JVaterfromMines^  or  from  Riversy 
to  Jupply  Towns  and  Gentlemen* s  Seats j  by  his 
new  invented  Fire- Engine,  for  which  he  has  re- 
ceived  His  Majesty'j  Patent. 

ALTHOUGH  I  am  not  at  liberty  to  de- 
fcribe  the  whole  of  this  fimple  engine,  yet 
I  have  the  patentee's  leave  to  defcribc  fuch  a  one 
as  will  (hew  the  principles  by -which  it  afts. 

In  Fig.  4.  of  Plate  IV.  let  A  ht  z  large, 
ftrong,  ciofe  veflTel ;  immerfcd  in  water  up  to 
the  cock  by  and  hiving  a  hole  in  the  bottom, 
with  a  valve  a  upon  it,  opening  upward  within 
the  veffel.    A  pipe  B  C  rifes  from  the  bottom 

of 
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of  this  vellel,  and  has  a  cock  c  in  it  near  the 
top,  which  is  fmall  there,  for  playing  a  very 
high  jet  d.^  E  is  the  little  boiler  (not  fo  big  as 
a  comnnon  tea-kettle)  which  is  connefted  with 
the  veflel  A  by  the  fteam-pipe  F-,  and  G  is  a 
funnel,  through  which  a  little  water  muft  be 
occafionally  poured  into  the  boiler,  to  yield  a 
proper  quantity  of  fteam.  And  a  fmall  quantity 
of  water  will  do  for  that  purpofe,  becaufe  fteam 
poflefles  upward  of  14,000  times  as  much 
fpace  or  bulk  as  the  wat^r  does  from  which  ic 
proceeds* 

The  veflel  A  being  immerfed  in  water  up  to 
the  cock  by  open  that  cock,  and  the  w^ter  will 
rufli  in  through  the  bottom  of  the  veflel  zia^ 
and  fill  it  as  high  up  as  the  water  ftands  on  its 
outfide ;  and  the  water,  coming  into  the  veflel, 
will  drive  the  air  out  of  it  (as  high  as  the  water 
rifes  within  it)  through  the  cock  h.  When  the 
water  has  done  ruftiing  into  the  veflel,  fliut  the 
cock  by  and  the  valve  a  will  fall  down,  and  hin- 
der the  water  from  being  puflied  out  that  way, 
by  any  fore;/  t^iat  prefles  on  its  furface.  All 
the  part  of  the  veflel  above  by  will  be  full  of 
common  air,  when  the  water  rifes  to  b. 

Shut  the  cock  Cy  and  open  the  cocks  d  and  ei 
then  pour  as  much  water  into  the  boiler  E 
(through  the  funnel  G)  as  will  about  half  fill  the 
boiler ;  and  then  (hut  the  cock  dy  and  leave  the 
cock  e  open. 

This  done,  make  a  fire  under  the  boiler  £, 

and  the  heat  thereof  will  raife  a  fteam  from  the 

water  in  the  boiler  j    and  the  fteam  will  make 

its  way  thence,    through  the  pipe  F,   into  the 

E  e  4  veflel 
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vcITcl  A\  and  the  fteam  will  comprefe  the  air 
f above  V)  with  a  very  great  force  upon  the  fur- 
face  of  the  water  in  A.  j 

When  the  top  of  the  veflel  A  feels  very  hot 
by  the  fteam  vinder  it^  open  the  cock  t  in  the 
pipe  C%  and  the  air  being  ftrongly  compreffed 
in  Ay  between  and  die  water  therein, 

will  drive  all  tuc  ^  mt  of  the  vefltl  A^  up 
the  pipe  E  C,  fro  *  it  will  fly  up  in  a  jet 

to  a  very  great  hi  •*   Ea  my  fountain,  which 

is  made  in  this  m**!.  :er  Mr,  Blakcy*s,  three 

tea-cup-fulls  of  water  the  boiler  will  afford 
fleam  enough  to  play  a  jet  30  feet  high. 

When  all  the  water  is  out  of  the  veffel  A^  and 
the  compreffed  air  begins  to  follow  the  jet,  open 
the  cocks  b  and  d  to  let  the  fteam  out  of  the 
boiler  E  and  veffel  A^  and  fhut  the  cock  e  to 
prevent  any  more  fteam  from  getting  into  A\ 
and  the  air  will  rufti  into  the  veffel  A  through 
the  cock  by  and  the  water  through  the  valve  a\ 
and  fo  the  veffel  will  be  filled  up  with  water  to 
the  cock  b  as  before.  *  Then  Ihut  the  cock  b  and 
the  cocks  c  and  dy  and  open  the  cock  e ;  and 
then,  the  next  fteam  that  rifes  in  the  boiler  will 
make  its  way  into  the  veffel  A  again ;  and  the 
operation  will  go  on,  as  above. 

When  all  the  water  in  the  boiler  E  is  evapo- 
rated, and  gone  off  into  fteam,  pour  a  little  more 
into  the  boiler,  through  the  funnel  G. 

In  order  to  make  this  engine  raifc  water  to 
any  gentleman's  houfe ;  if  the  houfe  be  on  the 
bank  of  a  river,  the  pipe  B  C  may  be  continued 

up 
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up  to  the  intended  height,  in  the  direftion  ffL 
Or,  if  the  houfe  be  on  the  fide  or  top  of  a  hill,  at 
a  diftance  from  the  river,  the  pipe,  through  which 
the  water  is  forced  up,  may  be  laid  along  on  the 
hill,  from  the  river  or  fpring  to  the  houfc 

The  boiler  may  be  fed  by  a  fmall  pipe  X, 
from  the  water  that  rifes  in  the  main  pipe 
B  CHI  I  the  pipe  K  being  of  a  very  fmall  bore, 
ib  as  to  fill  the  funnel  G  with  water  in  the  time 
that  the  boiler  E  will  require  a  frefti  fupply. 
And  then,  by  turning  the  cock  dy  the  water  will 
fall  from  the  funnel  into  the  boiler.  The  fun- 
nel fhould  hold  as  much  water  as  will  about  half 
fill  the  boiler. 

When  either  of  thefe  methods  of  raifing  water, 
perpendicularly  or  obliquely,  is  ufed,  there  will 
be  no  occalion  for  having  the  cock  c  in  the  main 
pipe  B  CHI:  for  fuch  a  cock  is  requifite  only, 
when  the  engine  is  ufed  as  a  fountain. 

A  contrivance  may  be  very  eafily  made,  from 
a  lever  to  the  cocks  ^,  //,  and  e ;  fo  that,  by  pul- 
ling the  lever,  the  cocks  b  and  d  may  be  opened 
when  the  cock  e  mull  be  fhut  -,  and  the  cock  e 
be  opened  when  b  and  d  muft  be  Ihut. 

The  boiler  E  fliould  be  inclofed  in  a  brick  wall, 
at  a  little  diftance  from  it,  all  around  ;  to  give  li- 
berty for  the  flames  of  the  fire  under  the  boiler  to 
afcend  round  about  it.  By  which  means  (the 
wall  not  covering  the  funnel  G)  the  force  of  the 
fteam  will  be  prodigioufly  incrcafed  by  the  heat 
round  the  boiler  i  and  the  funnel  and  water  in 
it  will  be  heated  from  the  boiler  ^  fo  that,  the 

boiler 
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boiler  vill  not  be  chilled  by  kcting  cold  water 
into  it  i  and  the  rifing  of  the  fteani  will  be  fd 
much  the  quicker, 

Mr»  Blakcy  is  the  only  perfon  who  ever  thought 
of  making  ufe  of  air  as  an  intermediate  body  be- 
tween fteam  and  water :  by  which  means,  the 
ftcann  is  always  kept  from  touching  the  water, 
and  confequendy  from  being  condenfed  by  it 
And,  on  this  new  f 
patent :  lb  that  no  ( 
will)  can  make 
watefj  without  iuj 
being  fubjeft  to 


This  engine  i 
pence,  in  comps 


I 
I 


le,  he  has  obtained  a 
iry  the  engine  how  he 
r  between  ftcam  and 
;  on  the  patent, 
ies  of  the  law. 
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>e    milt  for  a  trifling  ex- 
le  common  fire  engine 
now  m  ufe :    it  '  im  need  repairs,    mi 

will  not  condime  much  fuel.     And  as  k 

has  no  pumps  witn  piitons,  it  is  clear  of  all  their 
fridion :  and  the  efFeft  is  equal  to  the  whole 
ftrength  or  comprefTive  force  of  the  fteam :  which 
the  effeft  of  the  common  fire  engine  never  is,  on 
account  of  the  great  fridlion  of  the  piftx>ns  in 
their  pumps. 

ARCHIMEDES  V  Screw -Engine  fi^r  raijbig 
fVater. 

In  Fig.  I.  of  Plate  VI.  A  BCD  is  a 
wheel,  which  is  turned  round,  according  to  the 
order  of  the  letters,  by  the  fall  of  water  E  F, 
which  need  not  be  more  than  three  feet.  The 
axle  G  of  the  wheel  is  elevated  fo,  as  to  make 
an  angle  of  about  44  degrees  with  the  horizon ; 
and  on  the  top  of  that  axle  is  a  wheel  /?,  which 
turns  fuch  another  wheel  /  of  the  fame  number 

of 
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the  axle  K  of  this  laft  whed  being  pa- 
he  axle  G  of  the  two  former  wheels. 

Lxle  G  is  cut  into  a  double-threaded 

in  /Vf.  2.)  cxaftly  refembling  the  fcrew 

lis  of  the  fly  of  a  common  jack,  which 

(what  is  called)  a  right-handed  fcrew, 

wood-fcrews,  if  the  firft  wheel  turns  in 

ion  ABCDi  but  muft  be  a  left-handed  ' 

the  ftream  turns  the  wheel  the  contrary 

id,  which-evcr  ,way  the  fcrew  on  the 

cut,  the  fcrew  on  the  axle  K  muft  be 

antrary  way  \  becaufe  thcfe  axles  turn 

y  diredlions. 

::rcws  being  thus  cut,  they  muft  be  co- 
Ce  over  with  boards,  like  thofe  of  a  cy- 
:a(k  5  and  then  they  will  be  fpiral  tubes. 
may  be  made  of  tubes  of  ftifF  leather, 
t  round  the  axles  in  ihallow  grooves  cut 
as  in  Fig.  3. 

ower  end  of  the  axle  G  turns  coriftantly 
cam  thac  turns  the  wheel,  and  the  lower 
the  fpiral  tubes  are  open  into  the  water, 
as  the  whed  and  axle  are  turned  round, 
r  rifes  in  the  fpiral  tubes,  and  runs  out 
irough  the  holes  M,  JV,  as  they  come 
elow  the  axle.  Thefe  holes  (of  which 
ly  be  any  number,  as  four  or  fix)  are  in 
clofe  ring  on  the  top  of  the  axle,  into 
ing,  the  water  is  delivered  from  the 
pen  ends  of  the  fcrew-tubes,  ,and  falls 
open  box  iV. 

lower  end  of  the   axle  K  turns   on    a 
1,   in  the  water  in  Ny  and  the  fpiral 
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tubes  in  that  axle  take  up  the  water  from  Ni 
and  deliver  it  mto  fuch  another  box  under  the 
top  of  K;  on  which  there  may  be  fuch  another 
wheel  as  I,  lo  turn  a  third  axle  by  fuch  a  wheel 
upon  it^^And  tn  this  manner,  water  may  be 
raited  to  any  given  height,  when  there  h  a  ftrtam 
fiifficicnt  far  that  purpofe  to  ad  on  the  bro^ 
float  boards  of  the  firft  wheel. 


This  engine  is  reprefented  in  Plate  VII. 
in  which  A  BCD  is  a  wheel,  turned  by  water 
according  to  the  order  of  the  letters.  On  the 
horizontal  asds  are  four  fmall  wheels,  toothed 
almoft  half  round:  and  the  parts  of  their  edges 
on  which  there  are  no  teech  are  cut  down  foj  aa 
to  be  even  with  the  bottoms  of  the  teeth  where 
they  ftand. 

The  teeth  of  thefe  four  wheels  take  alternately 
into  the  teeth  of  four  racks,  which  hang  by  two 
chains  over  the  pullies  ^  and  L ;  and  to  the 
lower  ends  of  thefe  racks  there  are  four  iron 
rods  fixed,  which  go  down  into  the  four  forcing 
pumps,  Sy  Ry  M  and  N.  And,  as  the  wheels 
turn,  the  racks  and  pump-rods  are  alternately 
moved  up  and  down. 

Thus,  fuppoft  the  wheel  G  has  pulled  down 
the  rack  /,  and  drawn  up  the  rack  K  by  the 
chain :  as  the  laft  tooth  of  G  juft  leaves  the 
uppermoft  tooth  of  /,  the  firft  tooth  of  ff  is 
ready  to  take  into  the  lowermoft  tooth  of  the 
rack  K  and  pull  it  down  as  far  as  the  teeth  go ; 

and 


HYDRAULICS.  55 

auid  then  the  rack  /  is  pulled  upward  through 
the  whole  fpace  of  its  teeth,  and  the  wheel  G  \% 
ready  to  take  hold  of  it,  and  pull  it  down  again, 

und  fo  draw   up  the  other. In    the   fame 

manner,  the  wheels  E  and  F  work  the  racks  O 
and  P. 

Thefe  four  wheels  are  fixed  on  the  axle  of  the 
great  wheel  in  fuch  a  manner,  with  refpeft  to 
the  pofitions  of  their  teeth ;  that,  while  they  con- 
tinue turning  round,  there  is  never  one  inftant  of 
time  in  which  one  or  other  of  the  pump-rods  is 
not  going  down,  and  forcing  the  water.  So 
that,  in  this  engine,  there  is  no  occafion  for 
having  a  general  air-veffel  to  all  the  pumps,  to 
procure  a  conftant  ftream  of  ^atejf  flowing  from 
the  upper  end  of  the  main  pipe. 

The  piftons  of  thefe  pumps  are  Iblid  plunger?,* 

the  fame  as  defcribed  in  the  fifth  Lefture  of  my 

book,  to  which  this  is  a  Supplement.    See  Plate 

XL  Fig.  4.  of  that  book^  wiib  the  dejcriptim  of  the 

figure. 

From  each  of  thefe  pumps,  near  the  lowed 
end,  in  the  water,  there  goes  off^  a  pipe ;  with  a 
valve  on  its  fartheft  end  from  the  pump;  and 
thefe  ends  of  the  pipes  all  enter  one  clofe  box, 
into  which  they  deliver  the  water :  and  into  this 
box,  the  lower  end  of  the  main  conduft  pipe  is 
fixed.  So  that,  as  the  water  is  forced  or  pufhed 
into  this  box,  it  is  alfo  pufhed  up  the  main  pipe 
to  the  height  that  it  is  intended  to  be  raifed. 

There  is  an  engine  of  this  fort,  defcribed  in 
Rt^meUi\  work:    but  I  can  truly  fay,   that  I 

never 
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never  faw  k  till  fome  lime  after  I  had  made  thii 
model* 

The  hid  Tnodc!  is  not  above  twice  as  big  as 
Ae  figure  of  it,  here  defcribed,  I  turn  it  by  a 
winch  fixed  on  the  gudgeon  of  the  axle  behind 
the  water  wheel »  and,  when  k  was  newly  nnade^ 
$nd  the  piftons  and  valves  in  good  order,  I  put 
tin  pipes  1 5  feet  high  upon  it,  when  they  were 
iomed  together,  to  fee  what  it  could  do.  And 
1  found,  tliat  in  turning  it  moderately  by  the 
winch,  it  would  raife  a  boghead  of  water  in  a 
hour,  to  the  height  of  j  5  feet, 

DIALING, 

7*be  univerjal  Dialing  Cylinder. 

IN  Fig.  I.  of  Plate  VIII.  A  BCD  re 
prefents  a  cylindiical  glafs  tube,  clofed  at 
both  ends  with  brafs  plates,  and  having  a  wire  or 
axis  EFG  fixt  in  the  centers  of  the  brafs  plates 
at  top  and  bottom.  This  tube  is  fixed  to  a  ho- 
rizontal board  //,  and  its  axis  makes  an  angle 
with  the  board  equal  to  the  angle  of  the  earth's 
ju^is  with  the  horizon  of  any  given  place,  for 
which  the  cylinder  is  to  ferve  as  a  dial.  And  it 
muft  be  fet  with  its  axis  parallel  to  the  axis  of 
the  world  in  that  place ;  the  end  E  pointing  to 
the  elevated  pole.  Or,  it  may  be  made  to  move 
upon  a  joint  s  and  then  it  may  be  elevated  fof 
any  particular  latitude. 

There  are  24  ftraigTit  lines,  drawn  with  a  dia- 
mond, on  the  outfide  of  the  glafs,  equidiftant 
fi-om  each  other,  and  all  of  them  parallel  to  the 
axis.     Thcfc  are  the  hour-lines  5  and  the  hours 

arc 
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them  as  in  the  Bgure :  the  XII  next  B 
midnight,  and  the  oppofite  XII^  next 
H,  ftands  for  niid-day  or  noon. 

:is  being  elevated  to  the  latitude  of  the 
I  the  foot-board  fet  truly  level,  with  the 
^  along  its  middle  in  the  plane  of  the 

and  the  end  N  toward  the  north ;  the 

G  will  ferve  as  a  (tile  or  gnomon,  and 

dow  on  the  hour  of  the  day,  among  the 

our-lines  when  the  fun  ftiines  on  the 

For,   as  the  fun's  apparent  diurnal 

equable  in  the  heavens,  the  fhadow  of 
^ill  move  equably  in  the  tube;  and  will 
I  upon  that  hour-line  which  is  oppofifc 
,  at  any  given  time. 

als  plate  .^D,  at  the  top,  is  parallel  to 
pr,  and  the  axis  EFG  is  perpendicular 
xight  lines  bp  drawn  from  the  center  of 
to  the  upper  ends  of  the  equidiftant 
nes  on  the  outfide  of  the  tube ;  thefe 
s  will  be  the  hour-lines  on  the  equi- 
al  -/f  D,  at  15  degrees  diftance  from 
r:  and  the  hour-letters  may  be  fet  to 
n  the  figure.  Then,  as  the  (hadow  of 
Hthin  the  tube  comes  on  the  hour-lines 
3e,  it  will  cover  the  like  hour-lines  on 
oftial  plate  j4D. 

in  horizontal  plate  ef  be  put  within  the 
as  its  edge  may  touch  the  tube,  all 
and  right  lines  be  drawn  from  the  center 
ate  to  thofe  points  of  its  edge  which  are 
e  parallel  hour-lines  on  the  tube ;  thefe 
s  will  be  the  hour-lines  of  a  horizontal 
the  ladtude  to  which  the  tube  is  ele-- 
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vatcd.  For,  as  the  Ihadow  of  the  axis  comes 
focceiBvcly  to  the  hour-iines  of  the  tube^  and 
covers  thcr"n>  it  will  then  cover  the  like  hour- 
lines  on  the  horizontal  plate  ef,  to  which  the 
hours  may  be  fct ;  as  in  the  figure. 

If  a  thin  vertical  plate  ^  C,  be  put  within  the 
tube,  fo  as  to  front  the  meridian  or  1 2  o'clock 
line  thereof*  and  the  edge  of  this  plate  touch 
the  tube  all  around  ;  and  then,  if  right  lines  be 
drawn  from  the  center  of  the  plate  to  chofe  points 
of  its  edge  which  are  cut  by  the  parallel  hour- 
lines  on  the  tube  1  thefe  right  lines  will  be  the 
hour-lines  of  a  vertical  fouth-dial ;  and  the  ftia- 
dow  of  the  axis  will  cover  them  at  the  fame  times 
when  it  covers  thofe  of  the  tube. 

If  a  thin  plate  be  put  within  the  tube  fo,  as  to 
decline,  or  incline,  or  recline,  by  any  givcr^  num- 
ber of  degrees ;  and  right  lines  be  drawn  from 
its  center  to  the  hour-lines  of  the  tube ;  thefe 
right  lines  will  be  the  hour-lines  of  a  declining, 
inclining,  or  reclining  dial,  anfwering  to  the  like 
number  of  degrees,  for  the  latitude  to  which  the 
tube  is  elevatol. 

And  thus,  by  this  fimple  machine,  all  the  prin- 
ciples of  dialing  are  made  very  plain,  and  evident 
to  the  fight.  And  the  axis  of  the  tul?c  (which 
is  parallel  to  the  axis  of  the  world  in  every  lati- 
tude  to  which  it  is  elevated)  is  the  ftile  or  gno- 
mon for  all  the  different  kinds  of  fun-dials. 

And  laflly,  if  the  axis  of  the  tube  be  drawQ 
out,  with  the  plates  yf  D,  efy  and  gC  upon  it; 
and  fet  it  up  in  fun-fhine,  in  the  fame  pofition  as 
they  were  in  the  tube;  you  will  have  aij  equi- 

noiftial 
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noftial  dial-^D,  a  horizontal  dial  ef^  and  a  ver- 
tical fouth  dial  |^  Cj  on  all  which,  the  tinne  of 
the  day  will  be  (hewn  by  the  fhadow  of  the  axis 
or  gnomon  EFG. 

Let  us  now  fuppofe  that,  inftead  of  a  glals 
tube,  A  BCD  is  a  cylinder  of  wood  j  on  which 
the  24  parallel  hour-lines  are  drawn  all  around, 
at  eqjjal  diftances  from  each  other  \  and  that, 
from  the  points  at  top,  where  thefe  lines  end, 
right  lines  are  drawn  toward  the  center,  on  thp 
flat  furface  AD.  Thefe  right  lines  will  be  the 
hour-lines  on  an  equinoftial  dial,  for  the  latitude 
of  the  place  to  which  the  cylinder  is  elevated 
above  the  horizontal  foot  or  pedeftal  H\  and 
they  are  equidiftant  from  each  other,  as  in  Fig.  2r 
which  is  a  full  view  of  the  fiat  furface  or  top 
AD  oi  the  cylinder,  feen  obliquely  in  Fig.  i. 
And  the  axis  of  the  cylinder  (which  is  a  ftraight 
wire  EFG  all  down  its  middle)  is  the  ftile  or  - 
gnomon;  which  is  perpendicular  to  the  plane 
of  the  equino6tial  dial,  as  the  earth's  axis  is  per- 
pendicular to  the  plane  of  the  equator* 

To  make  a  horizontal  dial,,  by  the  cylinder, 
fbr  any  latitude  to  which  its  axis  is  elevated; 
^raw  out  the  axis  and  cut  the  cylinder  quite 
through,  ^  at  ehfg^  parallel  to  the  horizontal 
board  H^  and  t^ke  off  the  top  part  e  ADfe ;  and 
the  feftion  e  hfg  &  wiU  be  of  an  elliptical  form, 
as  in  Fig.  3.  Then,  from  the  points  of  this 
i{edion  (on  the  remaining  part  tBCf^  where 
the  par^lel  lines  on  the  outfide  of  the  cylinder 
meet  it,  d^'aw  right  lines  to  the  center  of  the 
jfeftion ;  and  they  will  be  the  true  hour-lines  for  a. 
horizontal  dial,  ^  ahcdava  Fig.  3.  which  may 
be  included  in  a  circle  drawn  on  that  fe(ftion.. 


Then  pm  the  wire  into  its  place  again j  nnd 
will  be  a  IlUc  for  cafting  a  fhadow  oo  the  time 
of  the  day,  on  that  dial.  So,  E  (Fig,  3,)  is  Ac 
title  of  the  horizontal  dial,  parallel  to  tlie  1x1$ 
of  the  cylinder. 

To  make  a  vertical  fuuth  dial  by  the  cylin- 
der, draw  c  '  '  <»  ^rid  cut  the  cylinder 
perpendicularly  lorizoncal  board  //,  as  at 

giCitg^  beginni  le  hour-line  {Bge.4)  of 

XII,  and  male  rftion  at  right  angles  m 

the  line  S  H  lorizontal  board.     Then,' 

take  off  the  uppcj  g4D  Q  ^^^  the  face  ol 

the  left  ion  thereon  wu  be  elliptical,  as  Ihewn  ia 
Fig.  4,  From  the  points  in  the*  edge  of  thb  fee- 
tion,  where  the  parallel  hour-lines  on  the  roimd 
furface  of  the  cylinder  meet  it,  draw  right  lines 
to  the  center  of  the  feftion ;  and  they  will  be 
the  true  hour-lines  on  a  vertical  direft  fouth  dialj  , 
for  the  latitude  to  which  the  cylinder  was  ek- 
vated :  and  will  appear  as  in  Fig.  4*  on  which 
the  vertical  dial  may  be  iriade  of  a  circular  fhape, 
or  of  a  fquare  fhape  as  reprcfented  in  the  figure. 
And  F  will  be  its  ftile  parallel  to  the  ajds  of  the 
cylinder. 

And  thus,  by  cutting  the  cylinder  any  way,  I 
fo  ^  its  feftiun  may  either  incline,  or  decline,  or  * 
recline,  by  any  given  number  of  degrees ;  and 
from  thofe  points  in  the  edge  of  the  feftionj 
where  the  outfidc  parallel  hour-lines  meet  it, 
draw  right  lines  to  the  center  of  the  fe&ion ;  and 
they  will  be  the  true  hour-lines,  for  the  like  de- 
clining, reclining,  or  inclining  dial  :  and  die 
axis  of  the  cylinder  will  always  be  the  gnomon 
or  Ilile  of  the  dial.  For,  which-cver  way  the 
plane  of  the  dial  lies,  its  (Hie  (or  the  ed^  thereof 
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»t  cafts  the  Ihadow  on  the  hours  of  the  day) 
uft  be  parallel  to  the  earth's  axis,  and  point  to- 
ird  the  elevated  pole  of  the  heaven. 

delineate  a  Sun-Dial  on  Papery  which ^  when 
^Jied  round  a  Cylinder  of  Wood^  Jball  Jhew  the 
^ime  of  the  Day^  the  Sun's  Place  in  the  Ecliptic^ 
Mid  his  Altitude,  at  any  Time  of  Objervation. 
See  Plate  IX. 

iDraw  the  right  line  a  AB^  parallel  to  the  top 
"the  paper  5  and,  with  any  convenient  opening 

the  compafles,  fet  one  foot  in  the  end  of  the 
c  at  a^  as  a  center,  and  with  the  other  foot  de- 
ibe  the  quadrantal  arc  AEy  and  divide  it  into 

equal  parts  or  degrees.  Draw  the  right  line 
IT,  at  right  angles  to  a  A  By  and  touching  the 
adrant  -^£  at  the  point  A.  Then,  from  the 
Iter  ay  draw  right  lines  through  as  many  de- 
'Cs  of  the  quadrant  as  are  equal  to  the  fun's  al- 
ide  at  noon,  on  the  longed  day  of  the  year,  at 

place  for  which  the  dial  is  to  ferve  \  which 
tudc,  at  London,  is  62  degrees :  a:id  continue 
fe  right  lines  till  they  meet  the  tangent  line  AC\ 
i,  from  thefe  points  of  meeting,  draw  ftraight 
is  acrofs  the  paper,  parallel  to  the  firft  right 
t  ABy  and  they  will  be  the  parallels  of  the 
i*s  altitude,  in  whole  degrees,  from  fun-rife 

fun-fet,  on  all  the  days  of  the  year. — ^Thefc 
rallels  of  altitude  muft  be  drawn  out  to  the 
ht  line  J5D,  which  muft  be  parallel  toACy  and 
far  from  it  as  is  equal  to  the  intended  circum- 
ence  of  the  cylinder  on  which  the  paper  is  to 
pafted,  when  the  dial  indrawn  upon  it. 

Divide  the  fpace  between  the  right  lines  AC 

1  ^D  (at  top  and  bottom)  into  twelve  equal 

F  f  a  partS; 
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partSj  for  the  wtlvc  figns  of  the  ecliptic  j  and, 
from  mark  to  mark  of  thefe  divifions  at  top  and 
bottom,  draw  right  lines  parallel  to  y/C  and 
B  D 1  and  place  the  charaflen  of  the  1 2  figns  in 
thefe  twelve  fpaces,  at  the  bottom,  as  in  the  figurt:  \ 
beginning  with  Jtf  or  Capricorn,  and  ending  witE 
K  or  Pifces.  The  fpaces  including  the  figns  ^ 
fhould  be  divi  arallel  lines   into  halvcij 

and  if  the  breadtn  admit  of  it  without  cofr 
fufion^  into  quarters      j. 

At  the  top  of  al,  make  a  fcale  of  the 

months  and  days  or  year,  fo  as  the  days  may 
Hand  over  the  fun's  ace  for  each  of  them  b 
the  figns  of  the  ecliptic,  Tlit-  fun's  place,  for 
every  day  of  che  year,  m^y  be  found  by  aflf 
common  ephemeris:  and  here  it  will  be  bcftts 
make  ufe  of  an  ephemeris  for  the  fecond  yeir 
after  leap-year ;  as  the  neareft  mean  for  the  funs 
place  on  the  days  of  the  leap-year,  and  on  thofc 
of  the  firft,  fecond^  and  third  year  after. 

•  Compute  the  fun's  altitude  for  every  hour  (m 
the  latitude  of  your  place)  when  he  is  in  the 
beginning,  middle,  and  end  of  each  fign  of  the 
ecliptic  I  his  altitude  at  che  end  of  each  ftgti 
being  the  fame  as  at  the  beginning  of  the  nti^  I 
And,  in  the  upright  parallel  lines,  at  the  begin-  • 
ning  and  middle  of  each  fign,  make  marks  for 
thi'le  computed  altitudes  among  the  horizontal 
parallels  of  altitude,  reckoning  them  downwardj 
according  to  the  order  of  the  numeral  figures  ft£ 
to  them  at  the  right  hand,  anfwering  to  the  like 
divifions  of  the  quadrant  at  the  left.  And, 
through  thefe  marks,  draw  the  curve  hoiir-lines> 
and  fet  the  hours  to  them,  as  in  the  figure, 
reckoning  the  forenoon  hours  downw^and,   and 

^'  the 
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the  afternoon  hours  upward. — The  fun's  altitude 
Ihould  alfo  be  computed  for  the  half  hours  j  and 
the  quarter-lines  may  be  drawn,  very  nearly  in 
their  proper  places,  by  eftimation  and  accuracy  of* 
the  eye.  Then,  cut  off  the  paper  at  the  left  hand, 
on  which  the  quadrant  was  drawn,  clofe  by  the 
right  line  yf  C,  and  all  the  paper  at  the  right  hand 
clofe  by  the  right  line  B  D ;  and  cut  it  aJfo  clofe 
by  the  top  and  bottom  horizontal  lines  j  and  it 
will  be  fit  for  parting  round  the  cylihder. 

This  cylinder  is  reprefented  in  miniature  by 
Fig.  I.  Plate  X.  It  Ihould  be  hollow,  to  hold 
the  ftile  D  E  when  it  is  not  ufed.  The  crooked 
end  of  the  ftile  is  put  into  a  hole  in  the  top  j4D 
of  the  cylinder ;  and  the  top  goes  on  tightilh,  but 
muft  be  made  to  turn  round  on  the  cylinder,  like 
the  lid  of  a  paper  fnufFbox.  The  ftile  muft 
ftand  ftraight  out,  perpendicular  to  the  fide  of  the 
cylinder,  juft  over  the  right  line  /iB  in  Plate 
IX,  where  the  parallels  of  the  fun's  altitude  begin : 
and  the  length  of  the  ftile,  or  diftance  of  its  point 
e  from  the  cylinder,  mAift  be  equal  to  the  radius 
aAoi  the  quadrant  AE  in  Plate  IX. 


^be  method  of  ufing  this  dial  is  as  follows. 

Place  the  horizontal  foot  5  C  of  the  cylinder 
on  a  level  table  where  the  fun  fhines,  and  turn  the 
top  AD  till  the  ftile  ftands  juft  over  the  day  of 
the  then.prefent  month.  Then  turn  the  cylin- 
der about  on  the  table,  till  the  fliadow  of  the 
ftile  falls  upon  it,  parallel  to  thofe  upright  lines 
which  divide  the  figns ;  that  is,  till  the  fhadow 
be  parallel  to  a  fuppofed  axis  in  the  middle  of 
the  cylinder :  and  then,  the  point,  or  loweft  end 
Ff3  of 


of  the  (hadow,  will  fall  upon  the  rime  of  the  daytj 
as  it  is  before  or  after  nooOi  among  the  curve  hour- 
lines  i  and  will  (hew  the  fun's  altitude  at  that  time, 
among  the  croft  parallels  of  his  altitude,  which 
go  round  the  cylinder :  and,  at  the  fanne  timej  it 
will  fhew  in  what  fign  of  the  ecliptic  the  fon  dico 
is,  and  you  may  very  nearly  gucfs  at  the  degree 
of  the  fign^  by  cftimation  of  the  eye. 

The  ninth  plate,  on  which  this  dial  is  drawn, 
inay  be  cut  out  of  the  book,  and  patted  round  i 
cylinder  whofe  length  is  6  inches  and  6  tenths  of 
an  inch  below  the  moveable  top;  and  hh  diameKr 
2  inches  and  24  hundred  parts  of  an  inch.^ — Or,  I 
fuppofe  the  coppcr*plate  prints  of  it  may  be  had<3f 
the  bookfcllcrs  in  London,  But  it  will  only  do  for 
Londonj  and  other  places  of  the  fame  latitude* 


i 


When  a  level  table  cannot  be  had,  the  dial  may 

be  hung  by  the  ring  F  at  the  top.     And  when  it 

is  not  uftd,  the  wire  that  ferves  for  a  ftilc  may 

be  drawn  out,  and  put  up  within  the  cylinder! 

^  ^  and  the  machine  carried  in  the  pocket.  A 

J  To  make  three  Sun-diah  upm  three  Sffermt  PlaxiSj 

^  /o  0s  tba  ma)*  nil  fim)  the  Tme  of  the  D^  ij 

€ne  GmmGn, 

On  the  flat  board  ABC,  defer ibe  a  horizonral 
dial,  according  to  anv  of  the  ruies  laid  down  ia 
the  LiC^^iuic  on  DiHlni*^  j  aiiu  co  u  ux  it^  gtiuiiia(T  *" 
FGHy  the  edge  of  the  Ihadow  from  the  fide  FG 
being  that  which  (hews  the  time  of  the  day. 

To  this  horizontal  or  flat  board,  join  the  up- 
right board  EDQ  touching  the  edge  GH  oi 
the  gnomon.     Then,   fnaking  the  top  of  the 

gnomon 


I 


I 


DIALING. 

omon  at  G  the  center  of  the  vertical  fouth  dial, 
fcribe  a  fouth  dial  on  the  board  EDC. 

Laftly,  on  a  circular  plate  IK  defcribc  an 
uinodtial  dial,  all  the  hours  of  which  dial  are 
uidiftant  from  each  other,  and  nnaking  a  flit 
in  that  dial,  from  its  edge  to  its  center,  in  the 
[I  o'clock  line ;  put  the  faid  dial  pcrpendicu- 
iy  on  the  gnomon  F  G,  as  far  as  the  flit  will 
mitof;  and  the  triple  dial  will  be  finiflied;  the 
ne  gnomon  ferving  all  the  three,  and  (hewing 
5  fame  time  of  the  day  on  each  of  them. 

An  univerfal  Dial  on  a  plain  Crofs. 

This  dial  is  reprefented  by  Fig.  i.  of  Plate 
[,  and  is  moveable  on  a  joint  C,  for  elevating 
x>  any  given  latitude,  on  the  quadrant  C  o  90, 
it  ftands  upon  the  horizontal  board  A.  The 
ns  of  the  crofs  ftand  at  right  angles  to  the  mid- 
;  part ;  and  the  top  of  it  from  a  to  »,  is  of  equal 
igth  with  either  of  the  arms  ne  ox  mk. 

Having  fet  the  middle  line  /  «  to  the  latitude  of 
ur  place,  on  the  quadrant,  the  board  A  level, 
i  the  point  N  northward  by  the  needle ;  the 
ine  of  the  crofs  will  be  parallel  to  the  plane  of 
;  equator  j  and  the  machine  will  be  reftificd. 

Then,  from  III  o'cl6ck  in  the  moraing,  till 
,  the  upper  edge  kl  of  the  arm  io  will  caft  a 
idow  on  the  time  of  the  day  on  the  fide  of  the 
n  cm:  from  VI  till  IX  the  lower  edge  i  of 
J  arm  i  0  will  caft  a  ftiadow  on  the  hours  on 
5  fide  oq.  From  IX  in  the  morning  to  XII  at 
on,  the  edge  ^  ^  of  the  top  part  a  n  will  caft  a 
idow  on  the  hours  on  the  arm  nef:  from  XH 
Ff  4 
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to  ni  in  the  afternoon,  the  edge  ci  of  the  top 
part  wtU  caft  a  fhadDW  oti  the  hour^  on  the 
arm  knn:  from  III  to  VI  in  thtr  ^vening^  the 
edge'  I  h  will  caft  a  ftiadow  oa  the  hours  on 
the  part  fs\  and  from  VI  tili  IX,  the  fhadow 
of  the  edge  if  will  flicw  the  time  on  the  top 
part  an. 

The  bff'adth  of  each  part,  ah^  ^  f,  Sec.  nriull 
be  fo  gieat  as  never  to  let  the  fii^idnw  full  quite 
^thouc  the  part  or  arm  on  which  the  hours  arc 
marked,  when  the  lua  is  at  his  greatcft  deciina- 
tion  from  tlie  equator. 

To  determine  the  breadth  of  the  fides  of  the 
arms  which  contain  the  hours,  fo  as  to  be  in  juft 
proportion  to  their  length ;  make  an  angle 
yiBC  (Fig.  2.)  of  %2l  degrees,  which  is  equal 
to  the  fun's  greateft  declination :  and  fuppofe 
the  length  of  each  arm,  from  the  fide  of  the  long 
middle  part,  and  al(b  the  length  of  the  top  part 
Above  the  arms,  to  be  equal  to  B  d. 

Then,  as  the  edges  of  thr  fhadow  from  each  of 
the  ar:  IS,  will  be  parallel  to  Be^  making  an  angle 
of  zji  degrees  wirh  the  fide  Bd  of  the  arm  when 
the  fun':)  declination  is  -23 f  degrees  ;  it  is  plain, 
that  if  the  length  of  the  arm  be  B  dy  the  leaft 
breadth  that  it  can  have,  to  keep  the  edge  B  e  o( 
the  fhadow  Begd  f  om  going  off  the  fide  of  the 
arm  de  before  it  comes  to  the  end  ed  thereof^ 
muft  be  equal  to  ^^  or  dB,  But  in  order  to 
keep  the  Ihadow  withiii  the  quarter  divifions  of 
the  hours,  when  it  comes  near  the  end  of  the 
arm,  the  breadth  d:ereof  fliould  be  ftill  greater, 
fo  as  to  be  almoft  doubled,  on  account  of  the 
diftance  between  the  tips  of  the  arms, 
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To  place  the  hours  right  on  the  arms,  take  the 
following  method : 

Lay  down  the  crofs  ahcd  {Fig.  3.)  on  a  fheet 
of  paper ;  and  with  a  black  lead  .pencil,  held 
clofe  to  it,  draw  its  Ihape  and  fize  on  the  paper. 
Then,  taking  the  length  ae  \n  your  compaffes, 
and  fetting  one  foot  in  the  corner  a^  with  the 
other  foot  defcribe  the  quadrantal  arc  ^/.— — 
Divide  this  arc  into  fix  equal  parts,  and  through 
the  divifion  marks  draw  right  lines  ag^ah^  &c. 
continuing  three  of  them  to  the  arm  c  e^  whi(:h 
are  all  that  caa  fall  upon  it  j  and  they  will  meet 
the  arnvin  thefe  points  through  which  the  lines 
that  divide  the  .hours  from  each  other  (as  i^ 
Fig.  I.)  are  to  be  drawn  right  acrofs  it. 

Divide  each  arm,  for  the  three  hours  it  con- 
tains, in  the  fame  manner  j  and  let  the  hours  to 
their  proper  places  (on  the  fides  of  the  arms)  as 
they  are  marked  in  Fig.  3.  Each  of  the  hour 
fpaces  fhould  be  divided  into  four  equal  parts, 
for  the  half  hours  and  quarters,  in  the  quadrant 
ef'y  an#  right  lines  fhoulcl  be  drawn  through  thefe 
divifion  marks  in  the  quadrant,  to  the  arms  of 
the  crofs,  in  order  to  determine  the  places  thereon 
where  the  fub-divifions  of  the  hours  mull  be 
marked. 

This  is  a  very  fimple  kind  of  univcrfal  dial; 
it  is  very  eafily  made,  and  will  have  a  pretty  un- 
common appearance  in  a  garden. — I  have  fcen 
a  dial  of  this  fort^  but  never  faw  one  of  the  kind 
chat  follows : 
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An  imherfalBialy  Jhewing  the  Hours  of  the  Day  fy 
a  terrejlrial  Gloie,  and  by  the  Shadows  ofjeveral 
Gnomons  at  tbejame  Time :  together  with  all  the 
Places  of  the  Earth  which  are  then  enlightened 
by  the  Sun ;  and  thofe  to  which  the  Sun  is  then 
Rifing^  or  on  the  Meridian^  or  Setting. 

This  dial  (^See  Plate  XII.)  is  made  of  a 
thick  fquare  piece  of  wood,  or  hollow  inetal. 
The  fides  are  cut  into  femicircular  hollows^  in 
which  the  hours  are  placed  j  the  ftilc  of  each 
hollow  coming  out  from  the  bottom  thereof, 
as  far  as  the  ends  of  the  hollows  projeft.  The 
corners  are  cut  out  into  angles,  in  the  infides  of 
which,  the  hours  are  alfo  marked ;  and  the  edge 
of  the  end  of  each  fide  of  the  angle  fervcs  as  a 
fiile  for  calling  a  ihadow  on  the  hours  marked 
on  the  other  fide. 

In  the  middle  of  the  uppermoft  fide  or  plane, 
there  is  an  equinoftial  dial;  in  the  center  where- 
of, an  upright  wire  is  fixt,  for  cafting  a  (hadow 
on  the  hours  of  that  dial,  and  fupportin^a  fmall 
terreftrial  globe  on  its  top.  ^^ 

The  whole  dial  (lands  on  a  pillar,  in  the 
middle  of  a  round  horizontal  board,  in  which 
tlicre  is  a  compafs  and  magnetic  needle,  for 
placing  the  meridian  ftile  toward  the  fouth.  The 
pillar  has  a  joint  with  a  quadrant  upon  it,  divided 
into  90  degrees  (fuppofcd  to  be  hid  from  fight 
under  the  dial  in  the  figure)  for  ferting  it  to  the 
latitude  of  any  given  place ;  the  fame  way  as 
already  defcribed  in  the  dial  on  the  crofs. 

The. equator  of  the  globe  is  divided  into  24 
equal  parts,  and  the  hours  are  laid  down  upon  it 
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at  thefe  parts.  The  time  of  the  day  may  be  known 
iff  diefe  hours,  when  the  fun  fhincs  upon  the  globe. 

To  reftify  and  ufe  this  dial,  fct  it  on  a  level 
table,  or  fole  of  a  window,  where  the  fun  (hines, 
placing  the  meridian  ftile  due  fouth,  by  means 
of  the  needle  j  which  will  be,  when  the  needle 
points  as  far  from  the  north  fleur-de-lis  toward 
the  weft,  as  it  declines  weftward,  at  your  place. 
Then  bend  the  pillar  in  the  joint,  till  the  black 
line  on  the  pillar  comes  to  the  latitude  of  your 
place  in  the  quadrant. 

The  machine  being  thus  reftified,  the  plane 
of  its  dial-part  will  be  parallel  to  the  equaior^ 
the  wire  or  axis  that  fupports  the  globe  will  be 
parallel  to  the  earth's  axis,  and  the  north  pole 
of  the  globe  will  point  toward  the  north  pole  of 
the  heaven. 

The  fame  hour  will  then  be  (hewn  in  feveral 
of  the  hollows,  by  the  ends  of  the  (hadows  of 
their  refpeftive  fldles.  The  axis  of  the  globe 
will  caft  a  Ihadow  on  the  fame  hour  of  the  day, 
in  thFequinoftial  dial,  in  the  center  of  which  it 
is  placed,  from  the  aoth  of  March  to  the  asd  of 
September  j  and,  if  the  meridian  of  your  place 
on  the  globe  be  fet  even  with  the  meridian  ftile, 
all  the  parts  of  the  globe  that  the  fun  fhiiies 
upon,  will  anfwer  to  thofe  places  of  the  real 
earth  which  are  then  enlightened  by  the  fun. 
The  places  where  the  (hade  is  juft  coming  upon 
the  globe,  anfwer  all  to  thofe  places  of  the  earth 
to  which  the  fun  is  then  fetting ;  as  the  places 
where  it  is  going  off,  and  the  light  coming  on, 
anfwer  to  all  the  places  of  the  earth  where  the 
fun  is  then  rifing.  And,  laftly,  if  the  hour  of  VI 
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i^Lfd  on  the  cquamr  m  the  meridian  of 

'*  £c  (a*  it  is  marked  on  the  meridian  of 

LI  in  the  figure)  the  dlvifion  of  the  light 

de  on  the  gtobc  will  Ibcw  the  time  of 


northern  ftile  of.tiit  dial  (oppofite  to  the 

I  or  meridian  one)  Is  hid  uom  fight  in 

jv,  by  the  axis  of    \c  globe.    The  hours 

lollow  to  wMch  th*.  HL  belongs^  are  alio 

%\  to  be  hid  by  the  oblique  view  of  the 

bv!t  they  are  the  ihoL  a^  the  liours  in  the 

lollow.     Thofc  alfo  in  the  right  and  left 

o»»vi  semicircular  hollows  are  moftly  hid  from 

(ighti  a-  i  Co  ahb  arc  ;il1  thofe  on  the  fides  next 

|1^  eye  of  the  foyr  acute  angles. 

The  conftruftion  of  this  dial  is  as  follows. 
See  Plate  XIII. 

On  a  thick  fquarc  piece  of  wood,  or  metal, 
draw  the  lines  a  c  and  bdy  2iS  far  from  each  other 
as  you  intend  for  the  thicknefs  of  theftile  abcd^ 
and  in  the  fame  manner,  draw  the  like  thick- 
nefs of  the  other  three  ftiles,  efgb^  iklffll  and 
nopqy  all  (landing  outright  as  from  the  cen- 
ter. 

With  any  convenient  opening  of  the  com- 
pafles,  as  ^yf  (fo  as  to  leave  proper  ftrength 
of  ftuff  when  KI  is  equal  to  aji)  fet  one  foot 
in  tf,  as  a  center,  and  with  the  other  foot  de- 
fcribe  the  quadrantal  arc  y/f.  Then,  without 
altering  the  compaflls,  fet  one  foot  in  ^  as  a 
center,  and  with  the  other  foot  defcribe  the  qua- 
drant d  B.  All  the  other  quadrants  in  the  figure 
mull  be  dcfcribed  in  the  fame  manner,  and  with 
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the  fame  opening  of  the  compafles,  on  their 
centers  ^,/i  ijki  and  77,  0:  and  each  quadrant 
divided  into  6  equal  parts,  for  fo  many  hours, 
as  in  the  figure ,  each  of  which  parts  muft  be 
fub-divided  into  4,  for  the  half  hours  and  quar- 
ters^ 

At  equal  diftances  from  each  corner,  draw  the 
right  lines  Ip  and  Kp,  Lq  and  Mqy  Nr  and 
Ory  Ps  and  ^s ;  to  form  the  four  angular 
hollows  rpKy  LqMy  NfOy  and  Ps^.  mak- 
ing the  diftances  between  the  tips  of  thefe  hol- 
lows, as  IKj  LMy  NOy  and  P^,  each  equal 
to  the  radius  of  the  quadrants ;  and  leaving  fuf- 
ficient  room  within  the  angular  points,  py  ^,  r,  ' 
and  Sy  for  the  equinoftial  circle  in  the  middle." 

To  divide  the  infides  of  thefe  angles  properly 
for  the  hour-foaces  thereon,  take  the  following 
method : 

Set  one  foot  of  the  compafles  in  the,  point  /, 
as  a  center  i  and  open  the  other  to  Ky  and  with 
that  opening,  defcribc  the  arc  K  t :  then,  with- 
out altering  the  compafles,  fet  one  foot  in  Ky 
and  with  the  other  foot  defcribe  the  arc  //. 
Divide  each  of  thefe  arcs,  from  /and  K  to  their 
interfcdkion  at  /,  into  four  equal  parts;  and 
from  their  centers  /  and  Ky  through  the  points 
of  divifion,  draw  the  right  lines  /j,  /4,  /5, 
76,  /7  ;  and  A" 2,  K  ly  K  J2y  Kii  ;  and  they 
will  meet  the  fides  Kp  and  Ip  of  the  angle  Ip  K 
Where  the  hours  thereon  muft  be  placed.  And 
thefe  hour-fpaces  in  the  arcs  muft  be  fub-divided 
into  four  equal  parts,    for  the  hJf  hours  and 

quarters. Do  the   like  for  the  other  three 

angles,  and  draw  the  dotted  lines,  and  fet  the 
6  hours 
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hours  m  the  in  tides  where  thofc  lines  meet  them, 
a^  in  ihc  figure :  aad  the  like  hour  lines  will  be 
parallel  to  eacli  oLher  in  ail  che  quadrants  and  in 
aU  the  angles. 

"^^  Ic  HDints  for  all  thcfe  hours,  on  the  upper 
iiU  ^  cut  out  all  the  angular  hollows,  and 
ihr  qu^^urancnl  ones  quite  through  the  places 
where  their  four  gnomons  muft  ftand  i  and  ky 
down  the  hour«i  on  their  infidcsj  as  in  Plate  XII, 
and  then  fet  in  their  four  gnomons,  which  muft 
be  as  broad  as  the  dial  is  thick  ;  and  this  breadth 
and  thick  nefs  muft  be  large  enough  to  keep  the 
fhadows  of  the  gnomons  from  ever  falling  quite 
out  at  the  fides  of  the  hollows,  even  when  the 
fuu's  declination  is  at  the  greateft. 

Laftly,  draw  the  equinoftial  dial  in  the  mid- 
dle, all  the  hours  of  which  are  equidiftant  from 
each  other;  and  the  dial  will  be  finifhed. 

As  the  fun  goes  round,  the  broad  end  of  the 
fliadow  of  the  ftile  aicd  will  fhew  the  hours 
in  the  quadrant  jicy  from  fun  rife  till  VI  in  the 
morning;  the  (hadow  from  the  end M will  flicw 
the  hours  on  the  fide  L  q  from  V  to  IX  in  the 
morning;  the  (hadow  of  the  ftile  efgh  in  the 
quadrant  D  g  (in  the  long  days)  will  flicw  the 
hours  from  fun-rife  till  VI  in  the  morning ;  and 
the  ftiadow  of  the  end  N  will  ftiew  the  morning 
hours,  on  the  fide  O  r,  from  III  to  VII. 

Juft  as  the  fliadow  of  the  northern  Kit  ah  id 
goes  off  the  quadrant  A  Cy  the  fliiadow  of  the 
fouthern  ftile  iklm  begins  to  fall  within  the 
quadrant  F/,  at  VI  in  the  morning;  and  Ihews 
the  time,  uv  that  c^uadrant^  &om  VI  till  XII  at 
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noon ;  and  from  noon  rill  VI  in  the  evening  in 
the  quadrant  m  E.  And  the  Ihadow  of  the  end 
O  (hews  the  time  from  XI  in  the  forenoon  till 
III  in  the  afternoon,  on  the  fide  riV;  as  the 
ihadow  of  the  end  P  (hews  the  time  from  IX  in 
the  morning  till  1  o'clock  in  the  afternoon^  on 
the  fide  ^s. 

At  noon,  when  the  ihadow  of  the  eailern  itilc 
efgb  goes  ofi^  the  quadrant  bC  (in  which  it 
ihewed  the  time  from  VI  in  the  morning  till 
noon,  as  it  did  in  the  quadrant  gD  from  fun- 
rife  rill  VI  in  the  morning)  the  Ihadow  of  the 
weftern  irile  nopq  begins  to  enter  the  quadrant 
Hpi  and  ihews  the  hours  thereon  from  XII  at 
noon  till  Vlin  the  evening;  and  after  thai  rill 
fun-fet,  in  the  quadrant  q  G :  and  the  end  ^ 
caib  a  ihadow  on  the  fide  Ps  from  V  in  the 
evening  till  IX  at  night,  if  the  fun  be  not  fet 
before  that  rime. 

The  ihadow  of  the  end  /  (hews  the  time  on 
the  fide  Kp  from  III  rill  VII  in  the  afternoon; 
and  the  ihadow  of  the  ilile  abed  ihews  the  time 
from  VI  in  the  evening  till  the  fun  fets. 

The  ihadow  of  the  upright  central  wire,  that 
fupports  the  globe  at  top,  ihews  the  time  of  the 
day,  in  the  middle  or  equinoftial  dial,  all  the 
fummer  half  year,  when  the  fun  is  on  the  north 
fide  of  the  equator. 

In  this  Supplement  to  my  book  of  Le6hires, 
all  the  machines  that  I  have  added  to  my  appa- 
ratus, fince  that  book  was  printed,  are  de- 
fcribedj  excepring  two^  one  of  which  is  a  model 
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of  a  mill  for  facing  tinrhcfj  and  die  otfier  Is  a 
model  of  the  great  e      ^e     *  London-bridge^  ( 
for  raifing  water.     And         re^ns  for  leaving 
them  out  are  as  follow : 


F!ffl:>  I  found  it  impofTible  to  make  fuch  a 
drawing  of  the  faw-miO  as  could  be  underiiood; 
beciiifc^  In  whatever  view  it  be  taken,  a  great 
many  parts  of  it  hid  others  from  fight*  And, 
in  order  to  fhew  ir  in  my  L'^flures,  I  am  obliged 
to  turn  k  into  all  '•*  o^'.pofitions. 

Secondly^  Becau^  rfnn  who  looki  on 

Ffg*  I.  of  Plate  XU  *^:  book»  and  reads 
the  account  of  it  in  tht  fifth  I,e£l:are  theieiti, 
will  be  able  to  form  a  V€tj  good  idea  of  Ac 
London -bridge  engine,  which  has  only  tro 
wheels  and  two  trundles  more  than  there  mu 
Mr//!id^fen"%  engine^  from  which  the  faid  figist 
was  taken, 
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